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f Light intensity S — === 
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Ir Specific latent heat of 
fusion S Jkg-* D.13.9 
ly Specific latent heat of 
vaporisation S Jkg-! D.13.10 
L Latent heat S 1 D.13.8 
Length 5 т D.1.5 
L Live wire — == 0.21.5 
т Magnification S — D.15.19 j 
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R Refractive index S — D.16.6 
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Preface 


Revision in Physics is a two volume book written primarily for Class IX and X students offering 
the All India Secondary School Certificate and Delhi Secondary School Certificate Physics 
Course A paper. It is an excellent reference book for students of ICSE, and for those appearing 
in the U.P., Rajasthan, Haryana and other Boards, as their syllabi have а lot in common with 
the CBSE syllabus. It is specially useful for those appearing for the Junior Science Talent , 
Examination. 


This book attempts to introduce students to the vastness of physics and its numerous applica- 
tions. Broadly speaking physics is the science of matter, its structure, properties and behaviour. 
The physicist is always in search of the basic ideas to unify his vast subject, ideas that permit 
him to understand the working of atoms, molecules, stars, etc. Of late physics and its ideas are 
finding more and more applications in life sciences. It is being increasingly felt that to solve the 
problems of life sciences a sound knowledge of physics is a must. Because of the wide applicability 
of the principles of physics, even those who do not plan to pursue a career in science will benefit- 
if they possess an understanding of the basic laws of physics. 


Physics has numerous applications in our day-to-day life in the world around us. We firmly 
believe that many of the principles of physics can be easily understood through numerical 
problems based on examples drawn from diverse fields such as sports, life sciences, engineering, 
etc. When you see that a law can be applied successfully to solve apparently unrelated problems 
in many diverse disciplines, you realize that not only is physics a useful subject but also offers a 
promising career. 


The book does not follow the conventional format of presentation. The concepts in each 
chapter are introduced through precise definitions supplemented by notes and diagrams. Each 
concept is usually divided into five parts; what the given quantity represents; nature of the quan- 
tity: how it is algebraically and graphically represented; its definition: and the associated mathe- 
matical relationships. The other important points associated with the concepts are given separately 
under *Notes'. We expect that this kind of separation will bring conceptual clarity. 


The theory and its applications аге developed with the aid of solved numerical problems. 
Examples are drawn from Indian history, world history, sports, life Sciences, and everyday 
incidents. An attempt is made to draw as much data as possible from Indian background. The 
problems are written in such a way that the first few lines provide general information about the 
event, This way of introduction will enhance general knowledge of the students and simultane- 
ously make physics interesting. In most of the problems taken from day-to-day life happenings, 
the numerical values are very close to those occurring in real life. While using mathematical 
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equations numerical values are always accompanied by the appropriate units. We expect that this 
kind of approach will minimise the possibility of committing mistakes in units. At the end of the 
book are provided theory questions, following the CBSE examination pattern. 


Iam thankful to my colleagues for their interest in this book. Dr. S.C. Bhargava took a special 
interest right from the foundation stages till the end. I express my sense of appreciation to my 
wife Renu Bhargava for her forbearance and her willingness to sacrifice part of her social life. 
Without her active cooperation this book would not have been possible. I thank my parents Dr. 


Shree Krishan Bhargava and Kamla Bhargava for their interest at various stages of this book. 
Suggestions for improvement of the book from any quarter are most welcome. 


June 1983 A.K. BHARGAVA 
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11 Nature of Matter and Elasticity 


In the earlier chapters, we have mostly discussed the behaviour 
of the macroscopic objects, i.e. of those objects which can be seen 
by the naked eye. In fact, all the macroscopic bodies are made 
up of very minute particles, microscopic bodies, which can- 
not be seen by the naked eyes. The microscopic bodies are few 
in number. The three states of matter (solid, liquid and gas) 
and change of state can be understood in terms of these micro- 
Scopic bodies and forces between them. The change of shape 
of a solid when an external force acts on it, is also a con- 
sequence of the internal structure of the macroscopic body. 

To understand the behaviour of the objects which can be 
Observed, it is essential to understand the internal structure of 
the objects. This study involves many new concepts. 


11.1 BASIC CONCEPTS 


D. 11.1 Matter Anything which Occupies space and has mass. 

NOTE Matter isa special form of energy which has mass 
and occupies space. The matter of mass m, has energy, Е, 
given by the famous Einstein equation, E — mc?, where c is the 
velocity of light in vacuum. 


D. 11.2 Electron A microscopic particle having a mass 
9.109 X 10?! kg and negative electric charge of magnitude 
1.602 x 107? coulombs, The radius of the electron is 2.817 
X 1075 m, 


NOTE Itisthe smallest massive particle found in nature. 


D. 11.3 Proton A Microscopic particle having a mass 1.6725 
X 1077 kg (— 1836 times the electron mass) and positive 
electric charge of magnitude 1.602 x 10-1? coulombs (equal to 
magnitude of the electron charge). Its radius is 1.5 х 10z!* m. 
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D. 11.4 Neutron А microscopic particle having zero electric 
charge and a mass 1.6749 x 10-7 kg (approximately equal to 
the proton mass). Its radius is 1.5 x 10-!4 m. 


SENEC Proton D. 11.5 Nucleus A microscopic body made up of protons and 


neutrons. A nucleus may have no neutrons (e.g. hydrogen nucleus 
@ has only one proton) but it cannot be without protons. 
NOTES (i) The radius of the nucleus is given by г = 1.5 x 10715 
(а) ©) ©) 


А! m, where А is the total number of protons and neutrons in 
A the nucleus (mass number, see D. 11.7). 


FIGS АГЫ Amucieusiis a\micro- (ii) The neutrons and the protons are restricted within a 
scopic body made of protons and roughly spherical volume because of the existence of the strong 
neutrons. attractive forces between a pair of two Protons or two neutrons or 

one proton and one neutron. This attractive force between two 


protons is much more powerful than the repulsive electric force 
between them. 


о oe Ф Ф D. 11.6 Atomic Number A measure of the positive electric 
1 1 1 
2 


charge of the nucleus. 
Yeon 2 3 4 TYPE OF QUANTITY Scalar 
(a) "d (д (d) WRITTEN REPRESENTATION Z 


SPECIFICATION The number of protons in the nucleus. 
FIG. 11.2 Mass number of a 


nucleus is the total number of D, 117 Mass Number A measure of total number of protons 
protons and neutrons in the s 
DUCIBUS: and neutrons in the nucleus. 


TYPE OF QUANTITY Scalar 
WRITTEN REPRESENTATION A 


SPECIFICATION The total number of protons and neutrons in 
the nucleus. 


D. 11.8 Atom A microscopic body of zero electric charge, made- 
up of a nucleus and electrons. The number of electrons is equal 
to the number of protons in the nucleus. The electrons revolve 
around the nucleus in fixed orbits (somewhat similar to our solar 
system where planets revolve around the sun in fixed orbits). The 
10-4 effective radius of an atom is about 10-!0 m, The electrons are 
(b)Lithiumatom far away from the nucleus as the radius of the nucleus is about 
IGNIS IA. model "Of- the 10714 m to 107!5 m, Nothing exists between the nucleus and the 
atom. Ап atom is made up of electrons. 
ew DONE <a Nore The electrons revolve around the nucleus because of 
nucleus in fixed orbits. The num- the attractive electromagnetic force between the positively 


ber of electrons in an atom are charged nucleus and the negatively charged electrons. 
equal to the number of protons in 
the nucleus. 


(a) Hydrogen 
atom 


D. 11.9 Element A macroscopic body (substance) consisting 
entirely of atoms having same atomic number. 


NATURE OF MATIER AND ELASTICITY 


NorE In nature, 92 elements occur naturally which are 
arranged in the periodic table in increasing order of atomic 
number (hydrogen with Z — 1 and uranium with Z — 92). The 
addition or removal of one proton completely changes the 
characteristics of the element. Scientists are able to make 
elements upto atomic number 105 artificially. 


D. 11.10 Molecule The smallest portion of a substance capable 
of existing independently and yet retaining the properties of the 
original substance. 

notes (i) A molecule is formed by the combination of 
similar atoms or atoms of different kinds. For example, hydro- 
gen gas is made up of molecules formed by the combination of 
two hydrogen atoms (H5), whereas water has molecules formed 
by the combination of two hydrogen atoms and one oxygen 
atom (H20). 

(ii) The existence of the molecule is possible because of the 
electromagnetic force between atoms. 

(iii) The strength of the force between atoms varies from 
molecule to molecule. ‘ 

(iv) The distance between the nuclei of any two atoms 
forming the molecule, known as interatomic distance, is about 
10719 m, If the interatomic distance decreases then the two nuclei 
repel each other and if it increases the two nuclei attract each 
other despite the two nuclei being positively charged. 

(v) In nature, the gaseous elements (hydrogen, nitrogen, 
oxygen, chlorine, fluorine) except the rare gases (helium, neon, 
argon, krypton, xenon and radon) exist as molecules. 


D. 11.11 Compound А macroscopic body made up of mole- 
cules formed by the combination of two or more different atoms. 

EXAMPLE Water (H;O) is a compound, whereas oxygen gas 
(O3) is not a compound. 


11.2 STATES OF MATTER 


D. 11.12 Force of Cohesion The force of attraction. between 


two like molecules (or, between molecules of the same 
substance). 


D. 11.13 Force of Adhesion The force of attraction between 
two unlike molecules (or, between molecules of two different 


substance). 
nores (i) The force of cohesion &nd the force of adhesion 


arise due to the electromagnetic forces between molecules. 
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H 
(a) Water (b) Chlorine 
molecule molecule 


(c) Methane molecule 

Fig. 11.4 A molecule is formed by 
the combination of two similar atoms 
or dissimilar atoms, (a) Water mole- 
cule is formed by the combination of 
two hydrogen and one oxygen atom. 
(b) Chlorine gas occurs as molecules 
formed by two chlorine atoms (c) 
Methane molecule. Carbon atom is 
at the centre of a tetragon and hydro- 
gen atoms occupy corners of the 
tetragon. 


‚Не Water 


FIG. 11.5 (a) The force of 
cohesion is the force of attraction 
between two molecules of the same 
kind. (5) The force of adhesion is 
the force of attraction. between 
two molecules of a different kind. 
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(ii) Sometimes the force of cohesion is more powerful than 
the force of adhesion and sometimes it is the other way round. 
For example, when a glass plate is dipped into water and taken 
out, some water molecules remain stuck tothe glass plate; this 
happens because the force of adhesion between the glass and 
the water molecules is more powerful than the force of cohesion 
between the water molecules. 

When a glass plate is dipped into mercury and taken out, no 
mercury molecule remains stuck to the glass plate; this is so 
because the force of cohesion between mercury molecules is 
more powerful than the force of adhesion between mercury and 
glass molecules. 


(а) Solid (5) Liquid (c) Gas (a) Crystalline solid (b) Amorphous solid 


FIG. 11.6 Three states of matter. (a) Solid. Inthisstate FIG. 11.7 (a) In a crystalline solid the atoms аге 
of matter the molecules or atoms are more or less fixed arranged in a regular pattern. The whole solid is obtained 
and vibrate about their equilibrium positions. (5) simply by repeating this pattern. (b) In an amorphous solid 
Liquids. The molecules are free to move throughout the the atoms are not arranged in a regular pattern. These are 
volume of the liquid but are not allowed to leave the arranged in a haphazard manner. 
surface because of the strong cohesive force on each 
other. (c) Gas. The cohesive force between the molecules 
are absent and molecules are free to move throughout 
the volume of the container. 


D. 11.14 Solid A piece of matter whic 
and size. 


TYPE OF SOLIDS (i) Crystalline solids A solid in which the 
atoms of a molecule are arranged in 
(Fig. 11.7(a)). 

EXAMPLES Diamond, sodium, chloride, copper, etc. 

(i) Amorphous solids A solid in which atoms are not 
arranged in a regular geometrical pattern (Fig. 11.7 (b)). 

EXAMPLES Powdered carbon, plastic, glass, etc. 

NOTE Every atom in a solid always vibrates about a fixed 
position, known as the equilibrium position (see Fig. 11.6 (a)). 


However because of simplicity, we do not put arrows in the 
diagram. 


h has a definite shape 


а regular geometrical pattern 
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D. 11.15 Lattice The geometrical pattern in which the atoms 
ofa solid are arranged (see Fig. 11.8). 
NOTE Only fourteen lattice structures are possible. 
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(a) Copper (b) Sodium chloride 


(c) Boron nitrate 
(graphite) 


FIG. 11.8 Three dimensional crystal lattice for some of the crystalline solids. 


D.11.16 Liquid A state of matter in which the atoms or 
molecules are relatively free to move with respect to each other 
but the cohesive forces are still strong to the extent that a fixed 
volume is maintained. 

NOTE In liquids, atoms or molecules are in continuous 
motion, moving in almost all directions. Thev do not vibrate 
about a fixed point. 


D.11.17 Random Motion А zig-zag motion of a body (see 
Fig. 11.9). 


D. 11.18 Brownian Motion The random motion performed by 
particles in another medium, e.g. particles in suspension in 
liquid (pollen grains in water or smoke particles in air). 

A particle performs random motion because it is constantly 
bombarded by molecules of the surrounding medium. Due 
to this bombardment, there is a net force acting on the particle 
and, hence, it moves in a straight line. After a short while the 
direction, as well as the magnitude of the force changes, because 
it is now bombarded by another set of molecules. The particle 
travels along some other straight line. The change of the force 
takes place very rapidly and consequently the particle performs 
random motion. 

NOTES (i) This phenomenon was first noticed by a botanist 
Robert Brown in 1827, and was explained by Albert Einstein 
in 1905. 


FIG. 11.9 Zig-zag motion. 


Microscope ae 


Water 


FIG. 11.10 Experimental set up 
to observe thé Brownian motion. 
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(ii) The size of the particles must be very small otherwise the 
motion of the particles cannot be detected. 


(iii) Brownian motion demonstrated that the medium is made 
up of very small particles which are in constant motion. 


D.11.19 Gas А state of matter in which molecules are very 
far apart such that no cohesive force exists between them, except 
at the time of collision. 

NOTE Since there is no cohesive force between molecules of 
the gas, these move freely all over the available space. There- 
fore, gases do not have a volume of their own. They assume 
the volume of the container. 


CHANGE OF STATE 


(i) Solid to Liquid When a solid is heated, the supplied heat 
energy increases the kinetic energy of the atoms. In turn, the 
amplitude of vibration of the atoms increases and the power- 
ful force between the atoms of the solid becomes somewhat 
weaker. Hence, as the temperature of the solid increases the 
magnitude of the force between atoms keeps on decreasing. At 
а certain temperature, called the melting point, the amplitude 
of vibration becomes so large that the force between two 
atoms is no longer powerful enough to keep them vibrating 
about a fixed point. The atoms instead of executing oscillatory 
motion, are now in random motion. The cohesive force is not 
altogether absent but is powerful enough to keep the atoms 
moving only in a certain region of space and prevent molecules 
escaping from the free boundary of the region, This is the liquid 
state. The region of the space is the volume of the liquid and 
the free boundary of the region is the surface of the liquid. 

(ii) Liquid to Gas When the temperature of the liquid is 
increased, the cohesive force between the liquid molecules 
decreases because the kinetic energy of the molecules increases 
and the average distance between two molecules increases. At a 
certain temperature, called the boiling point, most of the 
molecules are at very large distances (compared to the size of the 
molecules) from each other. At such large distances the cohesive 
force between two molecules is zero, and, hence, the motion of 
one molecule is not influenced by that of another molecule. 
The molecules are free to move throughout the ayailable space, 
i.e. these move throughout the volume of the container. This is 
the gaseous state of matter. 

(iii) Gas to Liquid When the temperature of the gas is 
decreased, the kinetic energy of the gas molecules as well as the 
average distance between them decreases, Because of the decrease 
in the distance between them, the molecules now exert a cohe- 
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sive force on each other. At certain temperature, the cohesive 
force becomes powerful enough to influence the motion of the 
molecules. Now the molecules are allowed to move only in a 
part of the volume of the container. This is the liquid state of 
matter. 

(iv) Liquid to Solid The lowering of the liquid temperature 
decreases the kinetic energy Of the liquid molecules. The 
reduction in the kinetic energy forces molecules to come nearer 
to each other. A molecule starts experiencing a strong cohesive 
force. This force increases with decreasing distance between the 
molecules. At a certain temperature, the cohesive forces exerted 
by the neighbouring molecules become so large that а molecule 
is no longer allowed to perform a zig-zag motion. Instead, every 
molecule oscillates about some mean position. In the case of 
crystalline solids, the mean positions are arranged ina regular 
lattice pattern. 


11.3 ELASTICITY OF SOLIDS 


The study of the elasticity of solids is a part of the general 
discipline called the mechanics of materials. This discipline is of 
great importance in all branches of engineering, industry and 
applied physical science. Most of the basic concepts are easy to 


understand. 

To understand the concepts of elasticity, we assume that the 
atoms are fixed (or do not vibrate), and are bound to each other 
by springs (spring represents force between two atoms). The 
length of the spring is equal to the interatomic distance. 


D.11.20 Deforming Force A force which acts on a solid body 
and tends to change its size and shape. 
EXAMPLES See Fig. 11.12. 
TYPE OF QUANTITY Vector; but here taken to be scalar. 
WRITTEN REPRESENTATION F 
SPECIFICATION Magnitude: Measured in newton along a 


specified direction, e.g. length of a wire. 


D. 11.21 Restoring Force A force arising within a solid, due to 
the properties of its constituent material, which opposes the 
deforming forces acting on the body. 

notes (i) When a solid is subjected to an external force, say 
a compressional force, the interatomic distance decreases. The 
decrease in the interatomic distance produces a repulsive force 


which tries to repel the atoms to their zero external force 
Position. Similarly, when an extensional force is applied, the 


increase in the interatomic distance produces an attractive force 


r 
1 
П 
I 
1 
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(a) (b) (c) 


Tension Compression Shear 


FIG. 11.12 Deforming force. 
(a) Tension:two antiparallel forces 
having the same line of action and 
the arrows directed from each 
other. (b) Compression:two anti- 
parallel forces having the same 
line of action but the arrows poin- 
ting towards each other. (c) Shear 
two antiparallel forces having a 
different line of action. 


Restoring force 
of spring 


Applied force 


FIG. 11.13 Restoring force in a 
spring. This is а force acting in 
a body which tries to bring back 
the deformed body to its original 
shape. It is equal in magnitude to 
the applied force but oppositely 
directed. lt. is always opposite in 
direction to the elastic defor- 
mation 


(c) 


Compression 
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between atoms. This attractive force tries to bring back the 
atoms to their original positions. These repulsive and attractive 
forces produced inside the solid because of an external applied 
force, are collectively known as the restoring force. In the 
equilibrium state, the restoring force is equal in magnitude but 
opposite in direction to the applied force. 

(ii) The restoring force is a reaction to the applied deforming 
ferce and obeys Newton's third law of motion (Chapter 3, 
Law 4). 


D. 11.22 Perfectly Rigid Body A solid body in which the distance 
between every pair of its constituent particles remains constant 
under the action of any deforming force. 

LIMITATIONS OF THE CONCEPT This concept is an ideal. In 
all real bodies, the distance between constituent particles 
changes under the application of suitable deforming forces. 


D. 11.23 Elasticity The property of a body or a material by 
virtue of which it regains its original shape and size when the 
external deforming forces are removed from it. 


D. 11.24 Perfectly Elastic Body А solid body in which the 
internal restoring force completely removes the effect of a 
deforming force, so that the body regains its original size and 
shape after the removal of the deforming force. 


LIMITATIONS OF THE CONCEPT (i) This is an ideal. No real 
body can completely regain its original shape and size and 
internal arrangement of particles after being subjected to de- 
formation. 

(ii) In practice, an ‘elastic body’ regains its original shape and 
size to a sufficient extent for the concept of elasticity to be 
useful. 

NOTE A quartz fibre is the solid body closest in practice to 
the above concept of a perfectly elastic body. 


D. 11.25 Plasticity The property of a body or a material by 
virtue of which it does mot regain its original shape and size 
when the external deforming forces are removed from it. 


D. 11.26 Perfectly Plastic Body А solid body in which the 
internal restoring force is completely absent, so that the body 
retains its deformed shape and size after the applied deforming 
force has been removed. 

LIMITATIONS OF THE CONCEPT’ (i) This is an ideal. Every real 
body has some (non-zero) restoring force present in it, which 
removes at least a part of the effect of a deforming force. 
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(ii) In practice, a ‘plastic body’ retains a deformation to a 
sufficient extent for the concept of plasticity to be useful. 

NOTE Mud and putty are materials which in practice are 
closest to the above ideal of perfectly pl astic behaviour. 


11.4 STRESS AND STRAIN IN ELASTIC BODIES 


The measurement and analysis of the properties of elastic bodies 
is done in terms of two essential quantities: strain and stress. 
These are related to the concepts of Section 11.3, and enable 
us to understand them. 


D. 11.27 Strain A measure of the change in the shape and/or 
size of a solid body caused by a deforming force. 

EXAMPLES See Fig. 11.14. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION Strain 

SPECIFICATION The change in length per unit length (/ongitudi- 
nal strain) or the change in volume per unit volume (bulk strain) 
or the angular deformation at constant volume (shear strain). 


NoTEs (i) For each type of strain, the mathematical expres- 
sion is different. 

(ii) Longitudinal and bulk strain have no units; shear strain 
is measured in radian (rad). 

(iii) Here we shall deal with only longitudinal strain (see 
D. 11.28 below). 


D. 11.28 Longitudinal Strain A measure of the change in the 
length of a body caused by a deforming force. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION Strain 

SPECIFICATION Magnitude: The change in length per unit 
length of the body. No units. 

MATHEMATICAL EXPRESSION The ratio of the change in length 
to the original length of the body; 
change in length 


Longitudinal strain — original length ' 


Strain — Ча (Е. 11.1) 


Lo 
l= L — Lofor tension, I = Lo — L for compression. 
NOTES (i) According to E. 11.1, strain is always positive. 
(ii) In terms of the structure of solids the change of the spring 


length along the direction of the applied force divided by the 
initial spring length is the longitudinal strain. 
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fe 


c 


FIG. 11.14 Three kinds of strain. 
(а) (b) Longitudinal strain, //L,. We 
take it to be always positive. (c) Volu- 
metric strain, -v/V when volume 
decreases, and v/V when volume 
increases. Forces-are applied in such a 
way that there is no change in the 
shape of the body. (4) Shear strain, 
11. Here the force changes the shape 
of the body without changing its 
volume. 


Restoring force 


б 


Атеа 


Eoad Defor ming force 


РІС. 11.15 Stress is equal to the 
restoring force, per unit area. But 
since the restoring force is equal 
to the deforming force, stress is 
deforming force per unit area. 
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TABLE 11.1 The elastic limit 
for some solid substances. 


Material Elastic limit 
(X105 N т-2) 
Aluminium 1.3 
Brass 3.8 
Copper Iu 
Iron 1.6 
Steel 4.1 


TABLE 11.2 The Young's modu- 
lus for some solid bodies. 


Material Y 
(X 1019 N m72) 

Aluminium 7.0 

Bone 1.3 to 2.5 
Brass 9.0 
Copper 11.0 
Glass 5.5 

Hair 0.2 

Iron 9.0 

Lead 1.6 
Nickel 21.0 
Rubber 0.0004 
Steel: 21.0 
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D.11.29 Stress A measure of the internal restoring force 
which opposes the external applied force and tries to bring the 
body back to its original shape and size. 

EXAMPLE See Fig. 11.15. 

TYPE OF QUANTITY Here considered as scalar. 

WRITTEN REPRESENTATION Stress. 

SPECIFICATION Measured as the deforming force per unit area. 
The 'area' to be specified depends upon the way the deforming 
force is applied and the kind of strain produced. Always mea- 
sured in newton per square metre (N т ^2). 

" NOTE For our purpose, the stress is equal to the applied 
deforming force per unit area. In practice, for some kinds of 
crystals the stress cannot be calculated as deforming force per 
unit area. 


D. 11.30 Tensional Stress A measure of the restoring force 
producing a longitudinal strain in a body. 

TYPES OF QUANTITY Here considered as scalar. 

WRITTEN REPRESENTATION Stress. 

SPECIFICATION: Magnitude: Measured аз the deforming 
force per unit area of cross-section of the body (Fig. 11.15) 
(See Note D. 11.29). Measured in Newton per square metre 
(N m2). 

MATHEMATICAL EXPRESSION 

Tensional stress — restoring force per unit area 
deforming force 
. area of cross-section 


F 
Stress.— E (E. 11.2) 


D.11.31 Elastic Limit A magnitude of the stress charac- 
teristic of a material, such that when a stress of greater magni- 
tude is applied to a body of the material, the body cannot regain 
its original shape and/or size. 

EXAMPLES See Table 11.1. 

LIMITATIONS OF THE CONCEPT (i) The elastic limit in practice 
is not a precise magnitude; usually, it isa range of values of 
stress. 

(ii) The elastic limit is a characteristic of а particular mate- 
tial e.g. copper, iron, steel ; all bodies m 
material have the same elastic limit. 

(її) For each material, the elastic limit has to be determi- 
ned experimentally. 


ade of a particular 


Law 12 : Hooxe’s Law 


If the stress applied On a solid body is less than the elastic 
limit of the material of the body, the magnitude of the stress is 
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directly proportional to the strain produced by it. 
or 
Within elastic limit stress is directly proportional to the 
strain. 
MATHEMATICAL EXPRESSION 
Stress oc strain, or 


Stress — constant X strain (E. 11.3) 


LIMITATIONS OF THE LAW . Hooke's law is valid only when the 
strain is independent of time; i.e. when the strain does not 
change during the time of application of the deforming force. 


D. 11.32 Modulus of Elasticity The ratio of stress to strain 
for a solid body obeying Hooke's law. 

NorES (i) The modulus of elasticity is a characteristic of the 
material of the body. 

(ii) There are several moduli of elasticity for each material 
corresponding to various types of strain, e.g. Young's modulus 
corresponds to longitudinal strain; bulk modulus corresponds to 


bulk strain; shear modulus corresponds to shear strain (see 
D.11.27). 


(iji) For longitudinal strain and tensional stress, а body 
obeying Hooke's Law, obeys E.11.3. 


Stress — constant X sirain 
The constant of proportionality is called Young's modulus, 
which has the symbol Y. 


stress 
strain 


(E. 11.4) 


It is measured in newton per metre square (N m?) 
DETERMINATION Young's modulus can be determined in the 
laboratory using the apparatus shown in Fig. 11.16. 


The material is taken in the form of a solid wire. The experi- 
mental wire is subjected to a tensional stress by elongating it with 
the help of a variable load M. For each value of M (which 
acts on the area of cross-section of the experimental wire), the 


elongation produced is measured by comparison with the refe- 
тепсе wire, 


From the observations stress and strain are calculated. The 
Stress is plotted against the strain on graph paper (Fig. 11.17). 


If the stress has been less than the elastic limit of the experi- 
mental wire, and the wire obeys Hooke's law, the graph is a 
straight line (Fig. 11.17), The slope of the line is the ratio of 
stress to strain and, hence, E. 11.4 gives the value of Young’s 
modulus for the material of the wire. 
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Reference 
wire B Test wire A 
Main scale 
Vernier 
Hanger 
Load 
FIG. 11.16 Determination of 


Young's Modulus. The apparatus 
consists of two wires 4 and B 
made from the same material. The 
wires are suspended vertically 
from a fixed support. The refe- 
rence wire А has the main scale 
and wire B carries a vernier and a 
hanger. Initially, a large weight is 
suspended on the hanger to 
remove any kink in the test wire 
B. The heavy load is removed and 
then the weights in constant multi- 
ple, say 0.5kg, are added at a time 
to the hanger. The readings of the 
scale are noted which gives the 
change of length of wire B. The 
diameter and the length of the 
wire B is also measured. A graph 
is plotted between load and the 
reading of the scale. 
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Strain ———*. 


Breaking 
point 


Yield point 


bq 
Region of 


Elastic limit i flow 


Ü 
Hooke’s law is! 1 
valid here Va 
11 

UT 


Stress ——— —* 


Yield value 
Tensile Strength 
FIG. 11.17 Stress-strain graph 
foran elastic wire. The point on 
the graph beyond which the graph 
is not a straight line is known as 
the elastic limit. 


REVISION IN PHYSICS 


11.5 SOME FROPERTIES OF ELASTIC BODIES 


Besides the properties described above, several other concepts 
are necessary to understand the behaviour of elastic bodies. 


D. 11.33 Limit of Proportionality The point on the stress- 
strain graph for an elastic material at which the graph begins to 
curve. (The limit of proportionality roughly corresponds to 
the elastic limit of the material.) 

NOTE The stress-strain relationship beyond the limit of pro- 
portionality does not obey Hooke’s law (E. 11.3 and E. 11.4). 


D. 11.34 Flow A material is said to flow when the stress 


applied to it is so great that, on its removal the body continues 
to be deformed under its own weight. . 


NOTE See Fig. 11.17 for the ‘region of flow’ on the stress- 
strain graph. The graph is curved as shown because the 
stress-strain relationship within the material changes as the 
material flows. Also see D. 11.35 below. 


D. 11.35 Yield-point The value of the stress-strain ratio at 
which the material begins to flow. 

NOTES (i) See Fig. 11.17 for the position of the yield-point 
on the stress-strain graph. 

(ii) When the stress-strain ratio increases beyond the yield- 
point value, the material flows at room-temperature, somewhat 


in the manner it flows in the molten state at high temperatures. 
(iii) See D. 11.36, D. 11.37 and D. 11.38. 


D. 11.36 Yield-value The value of the applied stress corres 
ponding to the yield-point of the material. 
NOTE See Fig. 11.17 and D. 11.35. 


D. 11.37 Ductility The property of a material, by virtue e 
its elasticity, because of which the material can be drawn int? 
wires. 

NOTES (i) A material becomes ductile when it is deform ed 
beyond its yield point (see D. 11.35 and Р, 11.36 above), 2” 
begins to flow. 

(ii) Wires are made from ductile materials by ‘drawing p 
the flowing material into long thin cylindrical forms. wires 2 
not made from a material in the molten state. 


, 


„ш 
D. 11.38 Malleability The property of a material, bY am 


; A nt? 
ü м elasticity, because of which the material сап be mad? ; 
sheets. 
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notes (i) A material becomes malleable when it is in the 
*region of flow' (see D. 11.34 to D. 11.36 above). 

(ii) Sheets of elastic material are made by ‘beating’ or 
pressing the flowing material into thin flat forms. They are 
not made from a material in the molten state. 


D. 11.39 Breaking-Point The value of the stress-strain ratio, 
for a flowing material, at which the body begins to break up. 

NOTES (i) The breaking-point is the last value on the stress- 
strain graph (see Fig. 11.17). 


D. 11.40 Tensile Strength The value of stress required to break 
a material under tension. 
EXAMPLES See Table 11.3. 


D. 11.41 Compressive Strength The value of stress required to 
break a material under compression. 
EXAMPLES See Table 11.3. 


(ii) The brittleness (see D. 11.42) of a material depends upon 
‘its breaking-point. 


D. 11.42 Brittleness The property of a material because of 
which a body breaks up under stress. 

NOTES (i) The breaking-point value of the stress-strain ratio 
marks the beginning of the condition of brittleness of a mate- 
rial. 

(ii) A brittle material has a small region of flow and:a low 
limit of proportionality. 


D. 11.43 Creep The slow permanent deformation of a body 
under the sustained application of stress. 

NOTES (i) In the condition of creep, the strain of the body 
changes with time. 

(i) In this condition, the body does not obey Hooke's 
law. 


SOLVED EXAMPLES 


EXAMPLE 11.1 When a 40.0 cm long wire is 
subjected to an external force, its length 


becomes 40.2 m. Determine the strain in the 
wire. 
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TABLE 11.3 The tensile and 
compressive strength for some 


materials 
Material Tensile Compres- 
strength sive 
strength 
(x108 (x108 
Nm?) Nm?) 
Aluminium 1.4 
Bone 
compact 1.21 1.67 
spongy 0.012 0.019 
Brass 4.5 
Copper. 3.4 
Glass 0.5 11 
Hair 1.96 
Steel 5 
Wood 0.2-1.1 1 


Solution Lo = 40.0 ст = 0.400 m, L = 40,2 
cm = 0.402 m, and [= — Lo = 0.402 m — 
0.400 m — 0.002 m 
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ЧО ОШ = болш 
Strain = г == 0.400 m 


Answer The strain in the wire is 0.005. 


= 0.005 


EXAMPLE 11.2 Whatis the stress, if the restor- 
ing force in a wire is 50 N ? The area of cross- 
section of the wire is 0.0005 m?. 
Solution According to the definition, stress 
=the restoring force per unit area 
SOUNG ee ine с 
= üooosqua 000 N m^ 
Answer The stress in the wire is 105 N m™. 


EXAMPLE 11.3 A force of 53.9 N is applied 
along the length of a wire of radius 0.70 mm. 
Calculate the stress. 
Solution r = 0.70 mm = 7.0x 107^ m, and 
F= 53.9 N К 
А = area of cross section = xr? 
22 


ETE X (7.0X107* m)? 
= 1.54x1075 m? 
EN: 53.9 N 
о ear eae ey a ga 
= 3.5x107 N m 
Answer The stress in the wire is 
3.5107 N m. 
EXAMPLE 11.4 The elastic properties of 


materials are of considerable importance in 
deciding the safety factors in such things as the 
construction of bridges and tall buildings, ins- 
tallation of elevators, etc, An elevator is a device 
which carries human beings or luggage from 
one storey of a building to another storey. It is 
essentially a large box of mass about 350 kg 
suspended from a cylindrical wire of steel with 
an area of cross-section 107^ m?. The maximum 
permissible limit of stress in steel is 1.225 x 108 
Nm. Determine how many persons it сап 
carry safely, if the average mass of a person is 
60 kg. 

Solution Maximum stress = 1.225x 108 
N m2, А = 10-4 m? and mass of one passenger 
= 60 kg. 
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Maximum force = F = Ax maximum stress 
= 107 m?x1.225x 108 N m7 
= 1.225x 10$ N. 
F = force on the wire = total weight of the 
elevator 
= weight of the box + total 
persons in the elevator 
= (350 + 60n) kgx9.8 m s? 
n = number of persons in the elẹvator 
(350 + 605) х9.8 N = 1.225x 10* №, or 
350 + 60n = 1250 
60n = 900, or n = 15 
Answer The elevator can carry 15 persons 
safely. 


weight of 


EXAMPLE 11.5 In. a certain pump a cylindri- 
calsteel rod, of length 0.200 m and area of 
cross-section 1074 m?, is used as a piston. When 
the rod is completely pushed into the cylinder, 
its length is found to be 0.199 m. The com- 
pressional longitudinal force on the rod is 105N. 
Calculate (i) the strain, (ii) the stress, and 
(iii) Young's modulus for steel. 


Solution Lo = 0.200 m, L = 0.199 т, А = 
0.0001 m?, апа F = 10 N 


(i) l = Lo Г = 0.200 m — 0.199 m 


= 0.001 m 
1 0.001 т 
S жа, == ыз EUM s 
етае ШОУ 000 
(ii) Stress = Жел 105 N = 10°N m2 


A 0.0001 m? 


Strain - 0.005 
= 20x 10!° N m7 


Answer The strain and stress on the steel rod 
are 0.005, and 10?Nm^2, respectively. The 
Young's modulus for steel is 20x 10/0 N m2. 

NOTE Remember that the strain for a com- 
pressional force is equal to (unstretched length 
— stretched length). 


EXAMPLE 11.6 We have seen that when а 
person stands on the toes of one foot, the force 
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on the ankle-joint is 228 kg-wt (Example 7.9). 

This is equal to a compressional force of 

228 kg-wt acting on the bone joining the ankle 

and the knee. The effective area of cross-section 

of the bone can be taken to be 3.8x 1074 m? 
| and the length of the bone to be 40.0 cm. Y for 
| bone can be taken to be 2.0 x 10!° N m 2. Deter- 
| mine (i) the stress, and (ij) the change in the 
| length of the bone. 


FIG. 11.18 


Solution F = 228 kg-wt = 228  kg-wt x 9.8 
N kg-wt! = 2234.4 N, А = 3.8x 105m2, Y= 
2.0X 10! N m2, and Lo = 40.0 cm = 0.4 m. 


А CME! 3 DUAN 
(iSem NET IUE 
= 5.88 x 106 N m? 


Stress — 5.88 10° N m? 
Y | 20x10?N m? 


(ii) Strain — 


= 2.94 x 107* 
l= Lox Strain = 0.4 mx 2.94 x 107* 
z12x10*m 


— 0.00012 m — 0.12 mm 
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Since the force compresses the bone, its iength 
will decrease. 

Answer The compressional stress on the bone 
is 5.88 x 10% N m2. The length of the bone will 
decrease by 0.00012 m (0.12 mm). 


EXAMPLE 11.7 In an experiment, the follow- 
ing data was obtained for an aluminium wire. 
Mass suspended from the wire (kg) 

0.50 1.00 1.50 2.00 2.50 3.00 3.50 
Length of the wire (m) 

2.0007 2.0014 2.0021 2.0028 2.0035 2.0040 2.0042 
The starting length of the wire is 2.0000 m and 
its area of cross-section is 20.0 x 1078 m?, Plot a 
graph between stress and strain. From the graph 
calculate Young's modulus and the elastic limit 
for aluminium. 

Solution А = 20х 1078 m?, Lo = 2.0000 m. 
Let M be the mass suspended on the wire. 
Е= Mxg = Мх9.8 т52 = 9.8x Mm s~. Let 
L be the length of the wire when a mass of М 
is the load on the wire. 


Е _ 98xMms? 
A 20x 1075 m? 
—49x106x M тш! s? 


Stress.— 


Strain for a given load — 


L — Lo 
Lo 

L — 2.0000 m 
2.0000 m 

From these two relations we obtain the follow- 

ing table : 

Stress 24.5 49 73.5 98 

(106 N m2) 

Strain 3:5 7. 10.5 147 17:5 8:020 ^21 

(10-4) 


122.5 147 171.5 


Now take a graph paper and plot the stress on 
the x-axis and the strain on the y-axis. Let a 
stress of 24.5x 10% N т 2 be represented by 1 
unit on the x-axis, and a strain of 3.5 х 1074 be 
represented by 1 unit along the y-axis. Now 
draw a curve through the points ABCDEFG. 
The portion of the curve ABCDE is a straight 
line. In this portion Hooke's law is obeyed. 
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Strain (107*) 


0 49 — —» Stress (10* Nm?) 


FIG. 11.19 Stress-strain graph for Example 11.7. 
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Choose two points В and D on the straight line 
portion. 


y — Stress _ BH _ 49x 106 N m? 
- strain DH 7x104 


= 7.0 x 10! Nm? 
Elastic limit = stress corresponding to the point 
beyond which graph between stress and strain 
is no longer a straight line. 
— stress corresponding to the point E 
= 122x105 Nm? 


Answer For aluminium, Y—7.0x10'? N m2, 
and the elastic limit is 1.22x 105 N m™?. 


PROBLEMS 


11.1 An external force produces a strain of 0.004 in a 
0.50 m long wire. Determine the change in the 
length of the wire. 

11.2 A rubber band of length 60 cm is stretched by 
3 cm. What is the strain ? 

11.3 When a force was applied along the length of a 
wire,the length of the wire was found to be 
0.6231 m. If the strain in the wire was 0.005, 
what was the length of the wire before it was 
stretched? 

11.4 Two wires 4 and B are made of the same 
material. The wire A is twice as long as wire B. 
Determine the ratio of the change in length of 
wire A with respect to that of wire B when both 
of these are subjected to the same deforming 
force. Both wires have same area of cross-section. 

11.5 What will be the restoring force in a specimen of 
cross-sectional area 1.0»: 107* m? subjected to a 

stress of 9.8 x 10° N m~? ? 

11,6 Find the effective area of cross-section of a 
hollow cylindrical tube in which the stress is 

10? N m^? and the restoring force is 500 N. 

11.7 A steel rod is subjected to a compressional force 
of 100 N. What is the restoring force developed 
in the rod which opposes, (is a reaction to) the 


external force ? Я 
11.8 Опа silver wire of square cross-section (of side 


1.0 тт), a mass of 9.5 kg is suspended. Calcu- 
late the stress in the wire. 
11.9 What is the applied force if the stress in a Бат of 


rectangular cross-section, of sides 0.01 m and 
0.02 m, is 10° N m? ? 

11.10 Determine the area of cross-section of a wire if 
a deforming force of 60 N produces a stress 
of 3.0x 10* N m~. 

11.11 An overhead water-tank, supported on six identi- 
cal iron pillars of square cross-section, is design- 
ed to hold 15x 10* kg of water. What should be 
the minimum size of each pillar if the safe limit 
of the stress is 5.0 10" N m™, The elastic limit 
of iron is 1.6x 105 N m^? 


Hint : The force on each pillar 


15 х10*х9.8 N 
= 6 
11.12 How much force can be applied safely on a wire 
of radius 7.0 mm if the safe working stress of à 
brass wire is half of the elastic limit. The elastic 
limit of brass wire is 3.8 x 10* N m~, 


11.13 In an experiment, the following observations 
were taken. Does the wire obey Hooke's Law? 
Load (kg) 0 10 15 2 225) 30 
Change in 
length (m) 0 0.002 0.004 0.006 0.008 0.010 
(Hint : Draw a graph between load and change 
in length.) 

11.14. Determine Young's modulus for glass if a stress 
of 1.1: 10? N m™ produces a strain of 2.12 x 107* 
In it. 
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11.15 


11.16 


11.17 


11.18 


In the case of bones, Hooke's Law is valid upto 
the point of fracture. Suppose a 40cm long bone 
of a woman's leg is subjected to а stress 
17x10? N m-* (equal to the compressional load 
at which fracture occurs). Determine the (i) strain 
at the point of fracture and (ii) the change in the 
length of the bone. Y of bone = 2.2x10'^ N m™. 
Find the force which will double the length of 
the wire of radius 1.20 mm if Y of the wire is 
7.0x 101? N m^. (In actual practice, the wire will 
break down much before the stress required to 
double the length of the wire is applied. Compare 
your results with the breaking stress given in 
Table 11.3.) 

А 40g mass is suspended on a 0.100 m long 
hair. What will be the area of cross-section of 
the hair if the stretched length of hair is 0.101 m? 
Y of hair = 2.0x 10? N m~. 

An 80 cm long copper wire of cross-sectional area 


11.19 


11.20 


175 


1.0x 107* m?, is subjected to a stretching force of 
550 N. It the change in length is 4.0 mm, deter- 
mine Young's modulus for copper. 


When you hold an object in your hand, such that 
your forearm remains horizontal, а compres- 
sional force of 882 N acts on the bone of your 
upper arm. Determine Y for the bone from the 
following data: Length of the bone — 0.30 m. 

Change in the length of the bone = 7.35x 107* m. 
Area of cross section of the bone = 24 x 107* m*. 


In a nuclear reactor, the element lead is used to 
protect persons working there from radioactive 
hazards. A 3 m high wall is constructed by 
putting thirty cubical lead bricks of side 10 ст’ 
one over the other. By how much would one side 
of the lower-most brick decrease, if Y of lead is 
1.81019 N m-?, and the mass of one brick is 
11 kg? 


о-о 


FIG. 12.1 In monatomic mole- 
cules internal energy is that of linear 
motion, In diatomic molecules the 
internal energy may be of linear, 
rotational or vibrational motion. In. 
solids, as the atoms have fixed posi- 
tions, the internal energy is in the 
form of vibrational motion, 


(b) 

FIG. 12.2 Heat energy increases 
as kinetic energy of the molecules 
increases. 


12 Temperature and Volume 
Change 


When the brakes ofa running car are applied it comes to rest. 
What happens to its kinetic energy? The energy seems to have 
disappeared. Is the law of conservation of energy violated? The 
concept that energy is always conserved no matter what happens 
cannot be maintained unless another form of energy, namely 
heat energy is understood and included in the discussions, Heat 
energy in a hot metal bar is just as real and important form of 
energy as the mechanical energy of a falling hammer. The 
mechanical energy is easy to visualise. However, heat energy is 
not easy to visualise because it is a manifestation of the micro- 
scopic action of atoms and molecules, 


12.1 BASIC CONCEPTS 


The study of heat energy and its measurement requires under- 
standing of an entirely new set of concepts. These concepts are 
completely different from those discussed in earlier chapters. 


D.12.1 Internal Energy The energy of an object associated 
with its constituents, i.e. atoms or molecules. 


D.12.2 Heat energy (or, Thermalenergy, or simply, Heat). A form 
of energy. It is the internal energy of an object in the form of 
kinetic energy of its constituent atoms or molecules. 


D.12.3 Temperature A measure of 
by a body, or the degree of the hotne 
expressed on some chosen scale. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION Т, f, 0 


SPECIFICATION A number on some chosen scale. Measured 
in Kelvin (K). See D.1.5 and D.12.4. 


the heat energy possessed 
5s Or coldness of a body 
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Process 
Burning 


Mechanical work 


Electric current 


Mass energy 


TABLE 12.1 Some sources of heat energy. . 
Principle 

The carbon and hydrogen of tbe fuel combine with 
atmospheric oxygen. The resulting chemical reactions 
produce the energy which is mostly in the form of 
heat. 
Part of work done is always converted into heat 
energy. 
The electrons moving inside a resistor under the in- 
fluence of the electric field, collide with the atoms 
or molecules of the conductor and transfer their 
kinetic energy to the molecules. The increase in 
kinetic energy appears as heat energy. 
In some nuclear reactions part of the mass is con- 
verted into energy. This energy in atomic power plants 
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Uses 
In the kitcheu, 
furnace. 


Electrical heating 
appliances. 


To produce electri- 
city in atomic power 


is withdrawn as heat energy of the working fluid. plants; enormous 


NOTES (i) Temperature is a fundamental quantity. It cannot 
be expressed in terms of mass, length and time. 

(ii) The temperature of an object is a measure of how rapidly 
the molecules are moving. 

(iii) The temperature of an object does not give any indication 
of the total internal energy possessed by a body. 

(iv) Temperature is a measure of only the kinetic energy of 
atoms or molecules. 

(v) Temperature plays a more important role in the study of 
heat energy than any other quantity. 


D.12.4 Kelvin SI base unit of temperature. 

WRITTEN REPRESENTATION. K 

SPECIFICATION The fraction 1/273.16 of the thermodynamic 
temperature of the triple point of water. 

NOTE The unit of temperature is the base unit in all the 
systems. 


12.2 MEASUREMENT OF TEMPERATURE 


Our ability to measure temperature accurately plays a vital 
role in the study of the effect of heat energy on ourselves and 
our surroundings. Whether it is our health or construction of 
a bridge or manufacturing of drugs and other items, all these 
require maintenance of accurate temperatures. 


D.12.5 Thermometry The science dealing with the measure- 
ment of low and moderate temperatures (roughly upto 1000 K). 


amount of energy in 
sun and stars. 


TaBLE 12.2 Some representative 
temperatures (in Kelvin) found 
in the universe. 


Interior of hottest star 10!0 
Centre of H-bomb 

explosion 105 
Interior of sun 107 
Surface of hottest star — 5x 10* 
Centre of earth 1.4 x 10* 
Surface of sun 7.3x 10? 
All solids and liquids 

vaporize 2.7 X405 
Water boils 373 
Human body 310 
Water freezes 273 
Nitrogen liquefies 77 
Hydrogen liquefies 20 
Helium liquefies 4.2 
Lowest achieved 1076 


Minimum theoretically 
possible (impossible to 
achieve practically) 0 


FIG. 12.3 Heat energy flows from 
a region of higher temperature to a 
region of lower temperature. The 
direction of flow of heat energy does 
not depend on the amount of heat 
energy contained in each body. The 
energy continues to flow until the 
temperatures of both the bodies in 
contact become equal. 
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with temperature is used to measure temperature [e.g. expansion 
of a solid, liquid or gas, change in resistance (D.18.22), etc.]. 
See Table 12.3. 

EXAMPLES Mercury thermometer, platinum resistance thermo- 
meter, constant volume hydrogen thermometer, etc. 


D.12.7 Working Substance The substance whose properties are 
made use of in measuring temperature. 
EXAMPLES Mercury, hydrogen, platinum, etc. 


TABLE 12.3 Various kinds of thermometers. 


Kind of Property of working Working Range 
thermometer substance substance 
Liquid Change in volume Mercury, (alcohol) —39°C to 357°C 
Constant volume Change in pressure Helium —267°C to 500°C 
gas of the gas at constant Hydrogen —200°C to 500°C 
volume Nitrogen upto 1500°C 
Resistance Change in resistance Platinum —200°C to 1200°C 
Thermocouples Variations of EMF* at the Silver-constantan, 
junction of two different Copper-iron 
metals 


*EMF stands for electromotive force (D.18.19). 


D.12.8 Liquid Thermometer A kind of thermometer in which the 
expansion or contraction of a liquid with change in temperature 
forms the basis of measurement of temperature. 

EXAMPLES Mercury and alcohol thermometers. 

PROPERTIES OF A SUITABLE THERMOMETER LIQUID (i) It should 
not wet the sides of the glass container. 

(ii) It should be easily available in pure form. 

(iii) Its expansion should be uniform throughout the range of 
measurement, otherwise the degree markings will not be of equal 
size. 

(iv) The expansion should be large so that the degree mark- 
ings are reasonably apart. 

(v) It should be easily distinguishable from the glass container. 

(vi) It should be a good conductor of heat so that it can 
quickly attain the temperature of the body. 


alcohol satisfies only (ii), (iii), (iv) and (vii). In properties (i), (vi) 
and (viii) alcohol is inferior to mercury while in property (iv) it 
is better. Water, except for property (ii), is inferior to both mer- 
cury and alcohol in all other respects. 

NOTE Mercury is used for most scientific work, and alcohol 
in places where accuracy is not essential. 


D.12.9 Ice Point—Lower Fixed Point The temperature corres- 
ponding to the melting point of pure ice. 

NOTE Solid ice is not used because its temperature may be 
less than the lower fixed point. 


D.12.10 Steam Point—Upper Fixed Point The temperature of 
steam from boiling water at 1 atmospheric pressure (101 325 
N m?) 

МОТЕ In places where pressure is not 1 atmosphere, one must 
find the correct steam point at the given pressure from the 
standard tables. 


D.12.11 Fundamental Interval The temperature difference 
between lower fixed point and upper fixed point on a given tem- 
perature scale (D.12.13). See Table 12.4. 


D.12.12 Unit of Temperature Scale The value of one subdivi- 
sion of the fundamental interval. See Table 12.4. 


D.12.13 Thermometric Scales A scale on which the temperature 
of the body is expressed. See Table 12.4. 


NOTES (i) The Celsius scale was introduced by Anders Celsius 
(1701-44). Formerly degree Celsius was known as degree Centi- 
grade. However in 1949 it was changed througb an international 
agreement. It is the most widely used scale. 


(ii) The Fahrenheit scale was devised by G.D. Fahrenheit 
(1686-1736) a pioneer in establishment of thermometric scales. 
Originally he chose 0 to be the temperature of an ice and salt 
mixture (this was the minimum artificially achieved temperature 
in those days and he disliked negative temperatures!) and 96 to 
be the body temperature (he wanted the fundamental interval to 
be a multiple of 6). But as the body temperature keeps on 
changing and the particular ice-salt mixture cannot be obtained 


FIG. 12.4 The level of liquid in a 
closed tube (thermometer) increases 
with temperature. The height at 
which it stands in the tube is a 
measure of the temperature. 
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Direction of fiow of 
heat energy. 


FIG. 12.3 Heat energy flows from 
a region of higher temperature to a 
region of lower temperature. The 
direction of flow of heat energy does 
not depead on the amount of heat 
energy contained in each body. The 
energy continues to flow until the 
temperatures of both the bodies in 
contact become equal. 
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Note The branch of science which deals with the measure- 
ment of high temperatures is known as pyrometry. 


D.12.6 Thermometer A device for measuring the temperature 
of a body. 

PRINCIPLE Any physical property of a substance which varies 
with temperature is used to measure temperature [e.g. expansion 
of a solid, liquid or gas, change in resistance (D.18.22), etc.]. 
See Table 12.3. 

EXAMPLES Mercury thermometer, platinum resistance thermo- 
meter, constant volume hydrogen thermometer, etc. 


D.12.7 Working Substance The substance whose properties are 
made use of in measuring temperature. 
EXAMPLES Mercury, hydrogen, platinum, etc. 


ТАВІЕ 12.3 Various kinds of thermometers. 


Kind of Property of working Working Range 
thermometer substance substance 
Liquid Change in volume Mercury, (alcohol) —39°C to 357°C 
Constant volume Change in pressure Helium —267°C to 500°C 
gas of the gas at constant Hydrogen — 200°C to 500°C 
volume Nitrogen upto 1500°C 
Resistance Change in resistance Platinum —200°C to 1200°C 
Thermocouples Variations of EMF* at the Silver-constantan, 
junction of two different Copper-iron 
metals 


ЕМЕ stands for electromotive force (D.18.19). 


D.12.8 Liquid Thermometer A kind of thermometer in which the 
expansion or contraction of a liquid with change in temperature 
forms the basis of measurement of temperature. 

EXAMPLES Mercury and alcohol thermometers. 

PROPERTIES OF A SUITABLE THERMOMETER LIQUID (i) It should 
not wet the sides of the glass container. 

(ii) It should be easily available in pure form. 

(iii) Its expansion should be uniform throughout the range of 
measurement, otherwise the degree markings will not be of equal 
size. 

(iv) The expansion should be large so that the degree mark- 
ings are reasonably apart. 

(v) It should be easily distinguishable from the glass container. 

(vi) It should be a good conductor of heat so that it can 
quickly attain the temperature of the body. 
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(vii) It should not change the temperature of the body 
appreciably, i.e. heat capacity (D.13.5) of the liquid should 
be low. 

(viii) The difference between melting and boiling points should 
be large. 

All of these conditions are satisfied by mercury, whereas 
alcohol satisfies only (ii), (iii), (iv) and (vii). In properties (i), (vi) 
and (viii) alcohol is inferior to mercury while in property (iv) it 
is better. Water, except for property (ii), is inferior to both mer- 
cury and alcohol in all other respects. 

Note Mercury is used for most scientific work, and alcohol 
in places where accuracy is not essential. 


D.12.9 Ice Point—Lower Fixed Point The temperature corres- 
ponding to the melting point of pure ice. 

NOTE Solid ice is not used because its temperature may be 
less than the lower fixed point. 


D.12.10 Steam Point—Upper Fixed Point The temperature of 
steam from boiling water at 1 atmospheric pressure (101 325 
N m?) 

NOTE In places where pressure is not 1 atmosphere, one must 
find the correct steam point at the given pressure from the 
standard tables. 


D.12.11 Fundamental Interval The temperature difference 
between lower fixed point and upper fixed point on a given tem- 
perature scale (D.12.13). See Table 12.4. 


D.12.12 Unit of Temperature Scale The value of one subdivi- 
sion of the fundamental interval. See Table 12.4. 


D.12.13 Thermometric Scales A scale on which the temperature 
of the body is expressed. See Table 12.4. 


NOTES (i) The Celsius scale was introduced by Anders Celsius 
(1701-44). Formerly degree Celsius was known as degree Centi- 
grade. However in 1949 it was changed through an international 
agreement. It is the most widely used scale. 


(ii) The Fahrenheit scale was devised by G.D. Fahrenheit 
(1686-1736) a pioneer in establishment of thermometric scales. 
Originally he chose 0 to be the temperature of an ice and salt 
mixture (this was the minimum artificially achieved temperature 
in those days and he disliked negative temperatures!) and 96 to 
be the body temperature (he wanted the fundamental interval to 
be a multiple of 6). But as the body temperature keeps on 
changing and the particular ice-salt mixture cannot be obtained 
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Freezing point 


FIG. 12.4 The level of liquid in a 
closed tube (thermometer) increases 
with temperature. The height at 
which it stands in the tube is a 
measure of the temperature. 
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Fahrenheit? Celsius Kelvin TABLE 12.4 The four thermometric Scales. 
100° 373 Name of scale Celsius Fahrenheit Reaumer Absolute 
boils Lower fixed point 0 32 0 273.16 
(Ice point) { 
Upper fixed point 100 212 80 373.16 
(Steam point) 


| | 310 
Division in funda- 
mental interval 100 180 80 100 
on 


Body 
temperature 


—32» 0? 273 5 § Symbol © УЕ ?R K 
= 2 Read as degree degree degree Kelvin 
Celsius Fahrenheit Reaumer 
—40° —40° easily, the two fixed points were later redefined. This scale is still 


widely used in U.S.A, U.K. and some other countries in non- 
scientific work. ; 

(iii) The Reaumer scale was introduced by R.A. Reaumer 
(1683-1757). Why he chose the steam point as 80 is not very 
clear. ) 

(v) The absolute scale was introduced by Lord Kelvin 

FIG. 12.5 Comparison of the (1824-1907). It later replaced all other scales in scientific work. 
three temperature scales. The size of one unit in Celsius and Kelvin scales are equal. The 
Zero of the absolute scale is theoretically the minimum possible 
temperature (however, this temperature can never be achieved 
practically). 

(v) In most of the calculations where accuracy is not required, 
the ice point and the steam point in the absolute scale are taken 
to be 273 K and 373 K respectively. We will also follow this. 

(vi) On the International Practical Temperature Scale (1968) 
recommended for scientific work, temperatures are expressed 
both in Kelvin and degree Celsius, The base unit in both the 


Cold 
possible 


—459° —273° 0 


o 
Er ot 2. 
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2 БЕ tse БЕ 295 
2 yz ae zc eps 
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^ ж ® pao ee BSc 
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28 liquid 
Bulb 
(a) (b) (c) - (4) (е) 


thermometer, 


п (а) А glass bulb of required size is fused at the end of a 
s inverted into 
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scale is Kelvin. The temperature difference may be expressed in 
Kelvin even when the individual temperatures are expressed in 
` degree Celsius and vice-versa. | 

RELATION BETWEEN THE FOUR SCALES 


C—Fixed point _ F—Fixed point 1 
100 180 (E.12.1) 


where C and F are the magnitudes of temperature on Celsius 
and Fahrenheit scales respectively. If the fixed point is the ice 
point, 
C-0  r-32 R-0 K—273 
100 180 80 100 


(Е.12.2) 


D.12.14 Mercury Thermometer A temperature measuring device 
Which makes use of the expansion of mercury. 

CONSTRUCTION See Fig. 12.6. 

GRADUATION See Fig. 12.7. 

NOTES (i) Before marking, the thermometer is left for a few 
days so that it can regain its shape and size. 

(ii) The sensitivity or ability to measure small changes in tem- 
perature, can be increased by (a) taking a bulb of large size, 
(b) taking a capillary of narrow bore, (c) using a liquid ot high 
Coefficient of expansion (D.12.26). 

LIMITATIONS (i) The bore of the tube may not be uniform. 

he actual degree will then not be of equal size. 

(ii) If sufficient time is not allowed for cooling before markings 
are done, the actual zero will be at a lower level. 

(iii) While making a measurement, the part of the mercury 
column outside the container is at a different temperature. The 
observed reading will therefore be slightly less than the actual 
reading. 

(iv) After measuring a high temperature, a lower temperature 
Must not be measured immediately. Sufficient time should be 
allowed for the bulb to contract. 


D. 12.15 Maximum-Minimum Thermometer A thermometer 
designed to record the highest and lowest temperatures reached 
during a period of time. 

CONSTRUCTION See Fig. 12.8. 

WORKING PRINCIPLE (i) During the day time when the atmos- 
pheric temperature rises, the alcohol in the bulb D expands, 
pushing the mercury down in tube C. The index 1, moves upward 
with the rising mercury thread in tube B. The inaex h does not 
move downward. 

(ii) When the atmospheric temperature decreases, the alcohol 


Lower fixed 
Point 


(a) 
Upper fixed 


Gr Hypsometer 


(b) 


FIG. 12.7 Graduation of thermo- 
meter. (a) Lower fixed point. The 
thermometer is placed in a container 
of melting ice. When mercury thread 
becomes stationary, a line is marked 
there. (b) Upper fixed point. The 
thermometer is placed in a hypso- 
meter such that the bulb does not 
touch the water. After a certain time 
when the mercury thread becomes 
Stationary a line is marked there. 
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12.8 


FIG. Maximum-minimum 
thermometer. It is a U-shaped tube 
having two bulbs А and D. The U- 
tube is partly filled with mercury. The 
Space above mercury in both the 
arms is filled with alcohol. The bulb 
D is completely filled while bulb A 
is kept half empty. Each arm of the 
U-tube has one steel index with a 
spring. The spring allows the index 
to move only upward. In One arm 
the temperature markings increase 
downward while in the other arm 
these increase upward, 
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in bulb D contracts and a gap is created between the alcohol and 
mercury level in tube C. In the gap, vapour pressure due to 
mercury is much less than the alcohol vapour pressure in bulb 
A. Due to this pressure difference, the mercury level together with 
the index J, moves upward in tube C without affecting index Л. 

(iii) The lower position of index J; gives the maximum tem- 
perature during a time interval while that of J, gives the minimum 
temperature. 

(iv) After noting down the readings for a day, both the indexes 
are brought in contact with the mercury surface with the help of 
a small magnet. 

NOTE This type of thermometer is used in meteorological 
work for recording maximum and minimum temperature during 
one day. 


D. 12.16 Clinical Thermometer A mercury thermometer designed 
to measure the temperature of the human body. 

CONSTRUCTION See Fig. 12.9. 

PRINCIPLE One of the foremost requirements of the thermo- 
meter measuring the temperature of the human body is that in 
it is removed from the body, its reading should not change. n 3 
is achieved by a constriction near the bulb. When the һе bulb 
Meter is removed from the body, the mercury Pipi The 
contracts and the mercury thread breaks at ш e Qna ANI 
thread in the tube thus remains in place to KR until the 
body temperature, The mercury remains in the 


ing i n. 
thermometer is jerked to bring it dow’ ) 
NOTE In pits with extremely low atmospheric temperatures, 


Such as the polar regions, the mercury may freeze (melting point 
ELR) Сое alcohol (melting point-117 C) is, therefore, 
preferred as the thermometer liquid in such locations. 


12.3 EXPANSION OF SOLIDS 
about their mean position and 
d by springs. The DUC a 
e n distance between two atoms. At 2 n 
ви vum e in the kinetic energy of the atom: s 

Peratures the ШО ып оп. Аза consequence the mean чал 
раи (i.e. the spring length) increases, and the 


Solid expands. 


In a solid the atoms od 
behave as if they were join 


D. 12.17 Linear Expansion The phenomenon of change in 

length of an object with change in temperature. \ 
SPECIFICATION The change in length measured with respect 

to the length at 0°С is proportional to (i) length at 0°С, and 
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High temperature 
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Fig. 12.10 (a) Atomic model of linear expansion. When a solid is 
heated the length of the spring increases. Аз a consequence length of 
the solid increases. (b) Ball and ring experiment. (i) At normal tem- 
perature the ball just passes through the ring. (ii) When the ball is 
heated it expands and cannot pass through the ring. 


(ii) the rise in temperature above 0°С in degree Celsius. 
MATHEMATICAL EXPRESSION 


L,— Lo & Lo 
ct 
Li — Lo = «Lot, ог 


Ly = Lo (1+ t) (E. 12.3) 


a is the constant of proportionality and is known as the coeffi- 
cient of linear expansion (D. 12.18). 


D. 12.18 Coefficient of Linear Expansion A measure of the linear 


expansion. 
TYPE OF QUANTITY Scalar 
WRITTEN REPRESENTATION @ 
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In mouth Out of mouth 
42*C 
41 
40 
39 
38 
Normal body 
teinperature 37 
36 
Constriction 


FIG. 12.9 A clinical thermometer. 
Itisa mercury thermometer having 
a short temperature range, 36°С to 
42°С. There is a mark at 37°С indi- 
cating the normal body temperature. 
The capillary has a constriction near 
the bulb. Here the capillary radius 
is very small. Mercury can pass 
through this constriction only when 
forced. The expansion in mercury 
caused by the body temperature 
forces it to move upward while it is 
forced to move down when the 
thermometer is jerked. 


FIG. 12.11 Thermal expansion of 
2 rod. The length of the rod 
increases as it is heated. The change 
inlength is proportional to the 
change of temperature. 
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TABLE 12.5 Coefficient of linear 


expansion of some solids 
& (х1076 °С-1) 


Aluminium 24 
Brass 19 
Brick 19 
Carbon 
diamond 1.2 
graphite 6 
Copper 17 
Concrete 7—12 
Glass 
pyrex - 9 
ordinary 3 
Gold 14 
Ice 51 
Iron 12 
Invar ~0 
Lead 30 
Quartz 0.4 
Rubber 80 
Silver 20 
Tungsten 4.5 
Steel 12 
Gap 


Oval shaped holes 


FIG. 12.12 A gap is always left 
between two adjacent railway lines 
to allow room for expansion. If this 
is not done, the railway lines will 
bend during bot weather causing 
derailment. The holes in the rails are 
oval shaped so that they can slide 
during expansion. In buildings also 
small gaps are left at places. 
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SPECIFICATION The increase in length per unit length caused 
by a rise in temperature of 1°С. Measured in per degree celsius 
C C71). 

MATHEMATICAL EXPRESSION 

Change in length 
Original length x change in temperature 
ЕСИ 
— Li(tr—ti) 
NOTE The values of « from E. 12.3 and E. 12.4 seem to be 
different. Let from E. 12.3 


(E. 12.4) 


Lr — Lo (13-211) and Li = Lo (14-o4;) 
Lr l+at; Р 
yz ДЕЕР = (toL +a)! 
= (1-ой) (1— atit...) 
= 1+9 (te— ti) neglecting terms of o2, etc. 
This is the same as E. 12.4. 


LIMITATIONS DUE TO THERMAL EXPANSION In many cases 
thermal expansion is troublesome and one has to take precautions 
to avoid damages. 

1. Railway track See Fig. 12.12. 

2. Steel bridges See Fig. 12.13. 

3. Cracking of a thick glass tumbler Wares made from thick 
glass are likely to crack whena hot liquid is poured into them. 
Glass is a poor conductor of heat. Therefore, the inside of the 
glass becomes hot first and expands more than the outside. The 
force of expansion causes cracks in the glass vessel. Some glasses 
like pyrex do not expand much. Hence the glasswares made from 
these do not crack. 


APPLICATIONS OF THERMAL EXPANSION Thermal expansion can 
be exploited to advantage in many ways. 


1. Bimetallic strip It is a device made by welding two strips 
of different metals having different coefficients of linear expan- 
sions along their entire length. As the temperature changes, the 
strip bends due tothe different amounts of expansion or con- 
traction of the two metals. This Property is used in constructing 
Instruments such as thermostat, Fig. 12.14(b) (a device to main- 


fain a constant temperature in electrical appliances, such as 


electric irons, refrigerators, furnaces, geysers, etc. by switching 
on and off the electrical circui 


1 0); fire alarm, Fig. 12.14(с); and 
thermometer, Fig. 12.14(d). 


2. Metal tyre fixing While constructing the wheels of a 
bullock-cart, a steel tvre of slightly less diameter than the 


wooden wheel is taken. The steel tyre is heated and, as it ex- 
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T 

FIG. 12.13 One end of the bridge 

Brace Coil opens is fixed while the other is kept on 

T,>T when hot rollers so that while expanding. the 

bridge can slide easily. 
(a) Bimettalic strip (b) Thermometer 


At higher temperature 


Open circuit Closed circuit 


Knob tor adjusting 
temperature 


Brass 


Б 


Contacts 


(c) Thermostat (d) Fire alarm 

FIG. 12.14 Bimettalic strip and its applications. (a) A bimettalic strip. On heating, the strip bends towards the 
metal having lower coefficient of linear expansion. On cooling, it bends towards the metal having higher coefficient 
of linear expansion. Theextent of bending depends on the temperature. (b) A thermometer. As the strip bends the 
pointer attached to it moves on a scale graduated to read temperature. (c) А thermostat. At normal temperature 
the current flows through the circuit. When the temperature becomes higher than a preassigned value, the circuit 
breakes and heating stops. It is set at different temperatures by changing the distance between screw A and the 
straight portion of the strip. (d) A fire alarm. At certain high temperature, caused by fire, the bending of the 
bimettalic strip operates an electrical bell circuit causing a loud fire alarm to start. 
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3. Riveting It is a process of joining two metal plates or bars. Rivet 
See Fig. 12.15. Hot rivet hammered 
(a) (b) 


Д i FIG. 12.15 Riveting, (a) A red 
D. 12.19 Superficial Expansion The phenomenon of change of hot rivet is placed between the holes 


area of an object with change in temperature. of two metal bars or plates. (b) The 
Eye: ; rivet is hammered flat while sti 

SPECIFICATION The change in area measured with respect 0 on оша еу Red PX 

the area at 0 C is proportional to the (i) area at 0°C and (ii) rise the enormous force of contraction 


in temperature above 0 C. holds the bars tightly together, 


pands, it is slipped on the wheel. On cooling it contracts and 
grips the wheel tightly. 


S 
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<> bc! 
Lo T 
FIG. 12.16 Superficial expansion— 
area of a plate changes with tempe- 
rature. 


FIG. 12.17 When the temperature 
changes each side of the cube chang- 
es by an equal amount. 
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MATHEMATICAL EXPRESSION 


А,— Ао & Ao 
cr 
A,— Ao = BAot, or 


A: = Ao (1+81) (E. 12.5) 


B is the constant of proportionality and is known as the coeff- 
cient of superficial expansion (D. 12.20). 


D. 12.20 Coefficient of Superficial Expansion A measure of the 
superficial expansion. 
TYPE OF QUANTITY Scalar 
WRITTEN REPRESENTATION Ё 
SPECIFICATION The increase in area per unit area caused by 
a rise in temperature of 1°C. Measured in per degree Celsius 
CC), | 
MATHEMATICAL EXPRESSION 
£ Change in area 
. Original area x change in temperature 
Асі 
А1) 


(Е. 12.6) 


D.12.21 Cubic (or Volume) Expansion Тһе phenomenon of 
change of volume with change in temperature. 

SPECIFICATION The change in volume measured with respect 
to the volume at 0°C is proportional to the (i) volume at 0°C 
and (ii) rise in temperature above 0°C in degree Celsius. 

MATHEMATICAL EXPRESSION 

00—00 OC 00 
= 
Wu—Uw-—yvut 
шщ = vg (1+ t) (E. 12.7) 
У is the coefficient of proportionality and is known as coefficient 
of cubic expansion (D. 12.22). 


D. 12.22 Coefficient of Cubic Expansion А measure of cubic 
expansion. 
TYPE OF QUANTITY Scalar 
WRITTEN REPRESENTATION Уу 
SPECIFICATION Тһе increase in volume per unit volume for 
1°С rise in temperature. Measured in per degree Celsius CC), 
MATHEMATICAL EXPRESSION 
Change in volume 
Original volume x change in temperature 
Ug — Ui 
vi (te— ti) 


У 


(E. 12.8) 
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RELATION BETWEEN COEFFICIENT OF LINEAR AND SUPERFICIAL 
EXPANSION 
а = ac(14-«t), b = 614-9). 
At ab = agbo(1+at)? 
= 4014-294-212) Neglect « term. 


A, = Ag(1-+2at) (Е.12.9) 
Comparing Е.12.5 апа E.12.9, we get 
В 2 2« (Е.12.10) 


RELATION BETWEEN COEFFICIENT OF LINEAR AND CUBIC 
EXPANSION 


а = a(l +at), b = by(1--«t), c = co(1--t). 
% = abc = agboco(1-- t)? 


u = 00(1--3%/) (E.12.11) 
Comparing E.12.7 and E.12.11, we get 
у 2 3х (Е.12.12) 


RELATION BETWEEN DENSITY AND COEFFICIENT OF CUBIC 
EXPANSION The change in temperature does not change the 
mass of the body ог т = 0 = 204. 
ог, ог, 
СТОР ЕРУ ра, 
d, De ТРУ) t= Труст) (0.12.13) 


Since y > 0, tt > ti, dtp < di 
DETERMINATION OF COEFFICIENT OF LINEAR EXPANSION 
Apparatus See Fig. 12.18. 
Working principle See Fig. 12.18. 


Steam Outer 
jacket Brass rod 
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FIG. 12.18 Determination of coefficient of linear expansion. (i) Apparatus. A rod of given material about 
100 cm in length and 0.5 cm in diameter is enclosed in a jacket. The jacket has a hole for fixing а thermometer. It 
is heated by passing steam. (ii) Measurement. (a) Before starting the experiment measure the length of the rod T5 
by a metre scale and the temperature Т, of the chamber. (b) Advance the screw such that it just touches the free 
end of the rod. Note the reading of the screw gauge and then unscrew it. (c) Heat the rod by passing steam through 
the jacket. When the temperature of the chamber becomes constant (T) again move the screw such that it comes 
in contact with the expanded end of the rod. The difference between the two readings of the screw gauge gives 


L- Lo, t = ТТ. Determine а from Eq. 12.4. 
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TABLE 12.6 Coefficient of cubic 
expansion for some liquids. 
y (x 10-5 °C) 


Alcohol 
ethyl 
methyl 

Benzene 


Carbon tetrachloride 


Ether 
Gasoline 


Glycerine 


Mercury 


Turpentine 


Water 


112 
120 
124 
124 
166 
96 
50 
18 
90 


21 


-2 


minimum 
maximum). 


at 


Temperature (°С) 


FIG. 12.19 Anomalous expansion 
of water. The volume of water is 


4C 


(density 


is 
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12.4 EXPANSION OF LIQUIDS 


Like solids, liquids also expand. The only relevant expansion in 
liquids is volume expansion because liquids do not have a fixed 
length or surface area. Further, as the liquid is always in some 
container, two kinds of cubic expansionsare defined depending 
upon whether the expansion of the container is taken into 
account or not. 


D.12.23 Apparent Expansion The cubic expansion of a liquid 
when the cubic expansion of the container is not taken into 
account. 

SPECIFICATION See D.12.21. Replace y by ya. 


D.12.24 Coefficient of Apparent Expansion A measure of the 
apparent expansion of liquids. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION Ya 

SPECIFICATION See D.12.22. Replace y by ya in E.12.8. 


D.12.25 Real Cubic Expansion The cubic expansion of a liquid 
when the cubic expansion of the container is taken into account. 
SPECIFICATION See D.12.21. Replace у by yr. 


D.12.26 Coefficient of Real Expansion A measure of the real 
cubic expansion of a liquid. 
TYPE OF QUANTITY Scalar 
WRITTEN REPRESENTATION Yr 
SPECIFICATION See D.12.22. Replace y by yr in E.12.8. 
RELATION BETWEEN COEFFICIENT OF APPARENT AND REAL 
EXPANSION 


Yr = Уа -соећсіепі of cubic expansion of А 
the container (E.12.14) 


D.12.27 Anomalous Expansion of Water Water exhibits a peculiar 
expansion behaviour with temperature. It contracts as the tem- 
perature rises from 0°C to 4°C. As the temperature increases 
beyond 4°С it starts expanding and continues to do so. Water, 
therefore, has minimum volume (and hence maximum density) 
at 4°C. 

NOTES (i) No other liquid shows this kind of behaviour. 

(iii) The density increases with temperature from 0°C to 4°C, 
becomes maximum at 4°C, and then continues to decrease. 

(iii) The coefficient of volume expansion is negative between 
0°C and 4°С. 

IMPORTANCE OF ANOMALOUS EXPANSION In the colder regions 
where atmospheric temperature goes to 0°С or below, the ano- 
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malous expansion plays an important part in the survival of 
aquatic life. 

Let the water in a given lake be at 10°С. When the atmosphe- 
ric temperature becomes less than 10°C, say 9°C, the top layer of 
water shifts to the bottom of the lake because water at 9°C is 
more dense than water at 10°C. This process continues till the 
whole lake achieves a temperature lower than 10°С. This cycle 
continues till the temperature of 4^C is reached. The whole lake 
is now at 4°С. As the atmospheric temperature decreases further, 
the top layer does not shift to the bottom of the lake as it is less 
dense than the lower layers which are at 4°C. The temperature 
of the top layer keeps on decreasing and finally it freezes and 
attains the temperature of the surroundings. The water below 
the ice remains at 4°C and the fishes live happily there. 


12.5 EXPANSION OF GASES 

Like liquids, gases also do not have a fixed length or surface 
area. Therefore, here also only volume expansion can be studied. 
The expansion of gases is so large compared to the expansion of 
the container that expansion of the container can be neglected 
for all practical purposes. Thus we have only the real expansion. 
In case of gases there are three variables, volume, pressure and 
temperature. In order to study the dependence of volume on 
temperature, the pressure is kept constant. 

The phenomenon of expansion of gases can be utilised in 
several ways. A dent in a table tennis ball is removed by putt- 
ing it into hot water. The air inside the ball expands, removing 
the dent. The engines in scooters, cars, etc. utilize the principle 
of expansion of gases. When petrol is ignited, hot gases are 
formed and the engine is driven by the pressure developed by 
the expansion of these gases. However, the expansion of gases 
also puts some limitations. If air is pumped too hard in a cycle 
tyre on a cool morning, the tyre is likely to burst in the day time 
when the temperature is higher. In racing cars, the heat pro- 
duced by friction raises the temperature of the tyre considerably. 
The expansion of air may burst the tyre. 


D.12.28 Cubic Expansion of Gas See D.12.21. 

D.12.29 Coefficient of Cubic Expansion of Gas See D.12.22. 
MAGNITUDE At normal pressure and at 0°C 

72 ny *C-! = 3.66 X 10? *C7! (E.12.15) 
NOTES (i) From E.12.7, г, = 0 when 1--Yt = 0, or t = -4 

= —273 C. If t is less than —273°C, v, will become negative 
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—10*C 0°C 
V = 0.963 m? V =1.000 m? 
10°C 
И = 1.037 m? 


FIG. 12.20 Gases expand as tem- 
perature increases. 
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FIG. 12.21 Pressure-volume rela- 
tionship when temperature of a gas is 
held constant. (а) P is inversely pro- 
portional to volume (Boyle's law). 
(b) PV is a constant. 


o I 
-273.16 °C 2^ 

d 
Pd 

La- 

TEO) (a) 
y 
T(K) (b) 


FIG. 12.22 Charles' law—volume of 
a gas, at constant pressure, is directly 
proportional to its temperature. 
(a) The volume decreases uniformly 
as the temperature decreases and 
becomes zero at —273.16°C, the lowest 
possible temperature. (b) Graph 
between V and T when T is in Kelvin. 
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which simply cannot be possible. Hence the minimum possible 
temperature is —273°C (or 0 K on absolute scale). 

(ii) Since the expansion of gases is independent of their 
nature over a wide range of temperature scale, all the standard 
thermometers used in very accurate scientific work or used to 
calibrate other thermometers are really gas thermometers using 
chiefly hydrogen and nitrogen. (The one at National Physical 
Laboratory, New Delhi, is a constant pressure hydrogen thermo- 
meter.) 


12.6 GAS LAWS 


Three variables, volume, pressure and temperature determine the 
behaviour of a gas. The following three laws provide relations 
between these three quantities. 


Law 13: ВоүгЕ'$ Law (Relation between pressure and volume 
at constant temperature) 

At constant temperature, volume of the gas is inversely propor- 
tional to the pressure of the gas. 

MATHEMATICAL EXPRESSION 


I 
Po; Temperature constant 


or PV = constant (E. 12.16) 


Law 14: CHARLES’ LAW (Relation between volume and tempe- 
perature at constant pressure) 
At constant pressure, volume of the gas is directly proportional 
to the temperature of the gas. 

MATHEMATICAL EXPRESSION 


VocT Pressure constant, T in Kelvin 
or V = constant X T (E. 12.17) 


—273.16 °С 27^ 


^ 


T(*C) T(K) 
(a) (b) 


Fig. 12.23 Pressure-temperature law. The pressure of 
а gas, at constant volume, is directly proportional to 
its temperature, (a) Pressure of the gasis zero at 
—273.16 °С. (b) Graph between P and 7 when tem- 
perature is expressed in Kelvin. 
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Law 15: PRESSURE— TEMPERATURE Law (Relation between 


pressure and temperature at constant volume) 


At constant volume, pressure of the gas is directly proportional 


to the temperature of the gas. 
MATHEMATICAL EXPRESSION 


Рет Volume constant, T in Kelvin 


ог Р = constant X T 


(E. 12.18) 


NOTE These three laws can be combined into a single equation, 


ге, 
РУ = КТ 


(Е. 12.19) 


This equation is known as the ideal gas equation. К isa constant, 


known as Gas Constant. 


SOLVED EXAMPLES 


EXAMPLE 12.1 А few years back clinical 
thermometers in India were marked in ^F (these 
are still available). Only recently the govern- 
ment of India decided that these should be 
calibrated in °С (SI unit). The normal body 
temperature is 98.6°Е. How much will it read 
on °С and К scales? 

Solution Tp = 98.6°F, Let the temperature 
on Celsius and Kelvin scales be Tc and Tx res- 
pectively. We know that, 


Tc—0*C Ть—32°Е 


100C ^  180F 
or 
Тот oF С (T5 —395]) 
o oR) — 24° 
-5e C (og. F— —32°Е) = 37°С. 
Further, 


Tx-273K _ Тс-0°С 
100 K 100*C 
or Ту = Tc K°C!+-273 К 
= 37°C K°C!+273 К = 310K. 
Answer The body temperature on the celsius 
and Kelvin scales are 37°C and 310 K respecti- 
vely. 


NOTE If one uses a relation of the type 
(7c—0)/100 = (7-— 32)/180, then Tc and Tp 
are the magnitudes of temperature on celsius 
and Fahrenheit scales. In this case, 


To = 2. (1.32) and Tp = = Те+-32. 


EXAMPLE 12.2 Determine the temperature at 
which readings on celsius scale will be same as 
that on Fahrenheit scale. 

Solution Let T' be the required temperature. 
According to the question, Tc = Tp, or 
TeC = Tp F. Now, 


To = * (7,—32) = 2. (Te—32), or 


4Tc = —160, or 
Тс = —40* 
Answer At —40^, the readings ofthe two 
scales will coincide. 


ExAMPLE 12.3 On a particular day the mercury 
thread in a thermometer stood below the 0°С 
mark. The thread was 3 mm away from the 0°C 
mark and 153 mm away from the 100°C mark, 
Determine (i) length of the fundamental interval, 
(ii) length of the unit degree, and (iii) tempera- 
ture of the day. 
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Solution Distance of the mercury thread 
from 0°C mark = 3 mm = 0.003 m, and the 
distance of mercury thread from 100?C mark 
= 153 mm = 0.153 m. 


(i) Fundamental interval is the distance 
between 0°С mark and 100°C mark. 
Distance between 0°С and 100°C mark 
= distance between 100°C and mercury 
thread— distance between 0°C and mercury 
thread 


= 0.153 m —0.003 m = 0.15 m. 


(ii) Length of unit degree — length of the 
fundamental interval/number of degrees 


= 0.15 m/100°C = 0.0015 m*C71, 


(iii) Since the mercury stands below 0°С, the 
temperature of the day will be less than 0°C, i.e. 
negative. The distance of the mercury thread 
from 0°C will therefore be negative, 


Temperature — distance of mercury thread 
from 0°С mark/length of 
the unit degree 

= —0.003 m/0.0015 т°С-! 
С: 


2° 


Answer (i) The fundamental interval is 
0.15 m, (ii) length of the unit degree is 0.0015 
m°C™ and (iii) the temperature of the day is 
—2C. 


EXAMPLE 12.4 A steel tape is calibrated at 
20.00°C. It reads 27.100 cm at 5.00°C, Determine 
the true reading. 


Solution Since the tape was calibrated at 
20°C, it will give correct reading only at 20°С. 
If the measurements аге done at other tem- 
peratures, the readings should be converted to 
20°С. 

We have Т = 5C, 7‹=- 20°С. Lo= 27.1 
cm = 0.271 m, « = 12х10-6°С-! and t=T; 
— T; = 20°С—5°С = 15°С. Now, 

= af 

" T m 2 (1--12х 1075 *C-1 x 15°С) 

= 0.271 x 1.000 18 m = 0.271 05m 
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Answer The true reading is 0.271 05 m 
(27.105 cm). 


EXAMPLE12.5 An iron ball of 5.0 cm diameter 
is 0.010 mm too large to pass through the hole 
of a brass ring at a temperature of 40.00°C. 
Find the temperature of the ring at which the 
ball will just fit into it. 

Solution We are asked to find the tempera- 
ture at which the brass ring diameter will be 
5.00 cm. Hence D: = 5 cm = 0.05 m, Do = 5 
cm—0.001 cm = 0.049 99 m, Tə = 40°C, and 
«= 17х10-6 *C71, 

D, = Do(1--at), or 


D,.—D, _ 0.05 m—0.049 99 m 
NDA 0.4999 m X17 х 10-6 °C 
... 0.00001 C ISO 
= 01049 99 x17 10° C 
Now, t= 7%:—Ti, or 
T; = Т+ = 40°C+11.8°C 
= 51.8°C 


Answer At 51.8°C the ball will just fit into 
the ring. 


ExaMPLE 12.6 When railway lines are laida 
gap is left between two rails to allow room for 
expansion. If this is not done, the railway line 
will bend in the summer months. Suppose in 
our country, lines 10.0000 m long are laid on a 
day when the temperature is 20°C. In the 
summer, the temperature goes to as much as 
48°C. Find the necessary gap to be left so that 
two lines just touch each other in the summer 
months. 


Solution Lo = 10 m, Т; = 48°С, T; = 20°C, 


X—12x1075 °C and t= Te- T; = 48°С 
=20°C = 28°C. 
І, = Le(1-4-at) 
= 10mx(1+12 x 1076 °C-! x 28°С) 
= 10.0034 m. 


Change in length = L— Lo = 10.0034 m 
—10.0000 m = 0.0034 m. 

The line expands in both the directions since 
none of its ends is fixed. In one direction it will 
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expand 0.0034 m/2 = 0.0017 m. The other 
line will also expand by this amount. Hence the 
total room for expansion should be 2 х0.0017 
= 0.0034 m 
Answer The gap between two adjacent rail- 
way lines should be 0.0034 m (0.34 cm). 
Suggestion Do this problem for one end of 
the rail fixed and the other end free. 


EXAMPLE 12.7 If the coefficient of superficial 
expansion of copper is 34 x 1076 °С-!, determine 
the coefficient of linear and volume expansion. 

Solution B = 34x1075 °C. By definition 
В = 2«, and y = 3a, 

—6 e(-1 
«-Bn- ESSE (c 
= 3«=3х17х10-5%°С^! 
—51x10-5?C^!, 

Answer The coefficients of linear and volume 
expansion of copper are 17x10 °С-! and 
51X 1076 *C-! respectively. 

EXAMPLE 12.8 The radius of a sphere of iron 
at 0°C is 0.5000 m. Find the change in volume 
if it is heated toa temperature of 700°C. 

Solution r=0.5m, T: = 700°C, Ti = 0°C, 
y = 36X10°°°C™!, and t = Т‹— T; = 700°C. 


—17x1075*C-1, 


Enn i dm 3 
= P= 3x05 ш). 


= V(1-+yt), or 
Vi-Vo = Voyt = 47500,5 m)! x 36 x 10-6 


°С”! x 700°C = 0.0132 m3, 
Answer The change in the volume is 


0.0132 m3, 


Example 12.9 А sphere of copper is at 0°C. 
At what temperature will its volume be doubled? 
Solution Т = ОС, у = 51 х10-6 C^! and 
Vi = 2Vs. 
V, = Ve(1--yt), or 
_VMUi-Vo  2Ve—Vo 
ZEN т yVo 


1 1 o 
y = 51x 10-6 oer 19 608°C. 


t 
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Answer The volume of the copper sphere will 
be doubled at 19 608°C. 

NOTE Copper will not remain solid at this 
temperature. 


ЕХАМРгЕ 12.10 The capacity of the iron petrol 
tank of Vijay Super two wheeler scooter is about 
8 litres. It was filled upto the brim on a cold 
winter morning when the temperature was 4°C. 
If the scooter was thereafter not used, how much 
petrol will overflow if, on that day, the tem- 
perature rises upto 23°C? 

Solution Vo = 8 litres = 8000 cc = 0.008 m3, 
Ti 4C, Tr=25°C, iron = 36x1075 °С-!, 
Урего! = 96 X 1075 °С-! and t = 71— T; = 21°C. 
In this problem we should first calculate the 
volume of the petrol tank and petrol at 25°C. 


Viank = Vo(1--yiront) 
= 0.008 m? x(1+36 x 1076 °C x 21°C) 
= 0.008 006 m’. 
Vo(1+Ypetroit) 
= 0.008 m? x (1-4-96 x 1075 *C7! xx21?C) 
= 0.008 161 m?. 
At 25°С, the petrol tank can hold only 0.0080 06 
m? petrol. Hence, 
Amount of petrol overflown — volume of petrol 
— volume of tank 
— 0.008 161 m*— 0.008 006 m? 
= 0.000 155 m? œ 0.000 16 m? 
— 0.16 litre. 
Answer 0.16 litre petrol will overflow. 
NOTE At the current rate, about Rs6 per 
litre, the loss will be Re 0.96. 
EXAMPLE 12.11 A hydrogen balloon at the 
earth's surface, where pressure is 105 Nm-?, has 
a volume of 4 m3. As it rises in the air, the 
atomspheric pressure drops. Will its volume 
increase or decrease? Determine the volume of 
the balloon at a height of 40 km, where the 
pressure is about 320 Nm'2. Assume that the 
temperature remains constant. 
Solution Р; = 105 Nm, P; = 320 Nm? 
and Vi = 4 m?. According to the question tem- 


его! = 
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Solution Distance of the mercury thread 
from 0°C mark = 3 mm = 0.003 m, and the 
distance of mercury thread from 100°C mark 
= 153 mm = 0.153 m. 


(i) Fundamental interval is the distance 
between 0°C mark and 100°C mark. 
Distance between 0*C and 100°C mark 
= distance between 100°С and mercury 
thread — distance between 0°C and mercury 
thread 


— 0.153 m —0.003 m — 0.15 m. 


(ii) Length of unit degree = length of the 
fundamental interval/number of degrees 


= 0.15 m/100°C = 0.0015 m*C", 
(iii) Since the mercury stands below 0°С, the 
temperature of the day will be less than 0°С, i.e. 


negative. The distance of the mercury thread 
from 0°C will therefore be negative. 


Temperature = distance of mercury thread 
from 0°C mark/length of 
the unit degree 

= — 0.003 m/0.0015 m°C-! 
= —2°С. 

Answer (i) The fundamental interval is 
0.15 m, (ii) length of the unit degree is 0.0015 
m°C™ and (iii) the temperature of the day is 
—2°С. 


EXAMPLE 12.4 А steel tape is calibrated at 
20.00°C. It reads 27.100 cm at 5.00°C. Determine 
the true reading. 


Solution Since the tape was calibrated at 
20°С, it will give correct reading only at 20°С. 
If the measurements are done at other tem- 
peratures, the readings should be converted to 
20°С. 

We have Ті = 5°С, T:- 20°C. Lo= 27.1 
ст — 0.271 m, « — 12х10-6°С-! and t= Т; 
—Tq,-20C-5C = 15°С. Now, 

E 14-97 
4 == me ) (1+12x 1076 °C-! х 15°С) 
= 0.271 х 1.000 18 m = 0.271 05 т 
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Answer The true reading is 0.271 05 m 
(27.105 cm). 


EXAMPLE12.5 An iron ball of 5.0 cm diameter 
is 0.010 mm too large to pass through the hole 
of a brass ring at a temperature of 40.00°С. 
Find the temperature of the ring at which the 
ball will just fit into it. 

Solution We are asked to find the tempera- 
ture at which the brass ring diameter will be 
5.00 cm. Hence Р; = 5 cm = 0.05 m, Do = 5 
cm—0.001 cm = 0.049 99 m, 7 = 40°С, and 
«= 17 x 1076 °C. 

Р, = Do(1+2t), or 
_ D-Do _ 0.05 т — 0.049 99 m 
~ 0.4999 mX 17 X 1076 °C? 
0.00001 STO 
*094999x17 oo 186 
Now, t= Tt— Ti, or 
Ti = Tit = 40°C+11.8°C 
= 51:8°С 

Answer At 51.8°C the ball will just fit into 

the ring. 


ExaMPLE 12.6 When railway lines are laid a 
gap is left between two rails to allow room for 
expansion. If this is not done, the railway line 
will bend in the summer months. Suppose in 
our country, lines 10.0000 m long are laid on a 
day when the temperature is 20°С. In the 
summer, the temperature goes to as much as 
48°С. Find the necessary gap to be left so that 
two lines just touch each other in the summer 
months. 


Solution Lo = 10 m, Т; = 48°C, Ti = 20°С, 


®=12х10°%© °C! and t= Т Т = 48°C 
—20°C = 28°C. 
І, = 1.01491) 
= 10 m x (1--12x 1075*C-! x 28°C) 
— 10.0034 m. 


Change in length = Z4— Lo = 10.0034 т 
— 10.0000 m = 0.0034 m. 


The line expands in both the directions since 
none of its ends is fixed. In one direction it will 


TEMPERATURE AND VOLUME CHANGE 


expand 0.0034 m/2 = 0.0017 m. Тһе other 
line will also expand by this amount. Hence the 
total room for expansion should be 20.0017 
m == 0.0034 m 

Answer The gap between two adjacent rail- 
way lines should be 0.0034 m (0.34 cm). 

Suggestion Do this problem for one end of 
the rail fixed and the other end free. 


ExAMPLE 12.7 If the coefficient of superficial 
expansion of copper is 34 x 10 $*C^!, determine 
the coefficient of linear and volume expansion. 

Solution В = 34х1076 °C!. By definition 
B=2a, and у = За. 


-6 e(-1 
«= p2 = 39XI0 €^ 17x 10-6, 
y = 3a = 3x17x107$?C^! 

= 51x 10-5*C7I, 


Answer The coefficients of linear and volume 
expansion of copper are 17 х107% °С! and 
51X 1075 *C-! respectively. 

EXAMPLE 12.8 The radius of a sphere of iron 
at 0°C is 0.5000 m. Find the change in volume 
if it is heated toa temperature of 700°C. 

Solution r —0.5m, T: = 700°C, Ti = 0°C, 
y = 36x 1075?C^!, and t = Tr— Ti = 700°C. 


auge 97005 m. 
V, = Veé(1--vt), or 
Vi-Vo = Voyt = (0.5 та) 36x 1075 


*C^! x 700°C = 0.0132 т. 
Answer The change in the volume is 


0.0132 m?. 


ExAMPLE12.9 A sphere of copper is at 0°C. 
At what temperature will its volume be doubled? 


Solution Ti — 0°C, у = 51 х10- C^! and 
Vi = 2Vo. 
V, = Vo(l-+yt), or 
; M Vi-=Vo _ 2Vo— Vo 
yVo yVo 
1 1 Ы 
er dep sper 7-1? 608°С. 
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Answer 'Тһе volume of the copper sphere will 
be doubled at 19 608°С. 

NOTE Copper will not remain solid at this 
temperature. 


EXAMPLE 12.10 The capacity of the iron petrol 
tank of Vijay Super two wheeler scooter is about 
8 litres. It was filled upto the brim on a cold 
winter morning when the temperature was 4°C. 
If the scooter was thereafter not used, how much 
petrol will overflow if, on that day, the tem- 
perature rises upto 23°С? 
Solution Vo = 8 litres = 8000 сс = 0.008 m?, 
Ti — 4C, Tr=25°C, vin = 36 X 1076 °C, 
Уреіго! = 96 X 1075 °С-! and t = 71— Ti = 21°С. 
In this problem we should first calculate the 
volume of the petrol tank and petrol at 25°С. 
Viank = Vo(1+Yiront) 
= 0.008 m?x(1+36 x 1076 °C x 21°C) 
= 0.008 006 m°. 
Voetrol = Vo(1+-Ypetroit) 
= 0.008 m? x (1--96 x 1075 °C! x 21°C) 
= 0.008 161 m°. 
At 25°C, the petrol tank can hold only 0.0080 06 
m? petrol. Hence, 
Amount of petrol overflown — volume of petrol 
— volume of tank 
= 0.008 161 т> — 0.008 006 m? 
— 0.000 155 m? — 0.000 16 m? 
— 0.16 litre. 
Answer 0.16 litre petrol will overflow. 
NOTE At the current rate, about Rs6 per 
litre, the loss will be Re 0.96. 
ExAMPLE 12.11 А hydrogen balloon at the 
earth’s surface, where pressure is 105 Nm-2, has 
a volume of 4 m?. As it rises in the air, the 
atomspheric pressure drops. Will its volume 
increase or decrease? Determine the volume of 
the balloon at a height of 40 km, where the 
pressure is about 320 Nm ?. Assume that the 
temperature remains constant. 
Solution Р; = 105 Nm, P; = 320 Nm? 
and И = 4 m°. According to the question tem- 
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perature is constant. Boyle's law will, therefore, 
be applicable. We have PV = constant. If P 
decreases, then in order to keep PV constant, 
V must increase. That is, the volume of the 
balloon will increase. 

We have PV = constant, or PiVi = PrVt 


PiVi _ 105 Nm?x4m* 
ог Vr—7pp o7 320Nm? - 
= 1250 mê. 


Answer The volume of the balloon will 
increase as it rises. At a height of 40 km its 
volume will be 1250 m?. 


EXAMPLE 12.12 500 litres of oxygen gas is at 
27°С. What will be the volume if the tempera- 
ture is raised to 54°С? The pressure remains 
constant. 

Solution Vi = 500 litres = 0.5 m3. Since the 
pressure is constant, volume can be calculated 
from Charles’ law. The temperatures must be 
converted to Kelvin. 7; — 270°С = (273 4-27)K 
—300K, and T;=54°C= (273+-54)K = 
327 К. From Charles’ law V = constant x Т; 
or V/T = constant. 
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Б. Vet 
Ti Ti? 
o pa ЛШ OS шоха. 
Ti 300K 


= 0.545 m? = 545 litres. 
Answer The final volume will be 545 litres. 


EXAMPLE 12.13 The gas inside a cylinder is 
heated till its pressure doubles. If there is no 
change in the volume, find the initial tempera- 
ture. Given that the final temperature is 200°C, 
Solution P; = 2 Р, Те = 200°C = (273+ 
200) K — 473 K. Since the volume of the gas 
is constant, the pressure-temperature law will 
be applicable. We have P — constant x T or 
P/T = constant, or ў 


Р, Р; 
Ti Ту 
PiTr _ 473K _ 
or T= TA TURO QW 236.5 K 


= (236.5—273)°C = —36.5'C. 


Answer The initial temperature of the gas is 
—36.5°C. 


PROBLEMS 


12.1 The melting and boiling points of lead are 330°C 
and 1170°C respectively. What will be these 
numbers on Kelvin and Fahrenheit scale? 


12.2 Find the readings on Celsius scale if it is 


(i) double, and (ii) half of the reading on Fahren- 
heit scale. à 


12.3 Determine the temperature on Kelvin scale such 
that it is (i) double, and (ii) three times of the 
reading on Celsius scale. 

12.4. On a day the maximum and minimum tempera- 
tures were 20°C and 40°C respectively. Determine 
these temperatures on Fahrenheit and Kelvin 


scales. н 
12.5 Calculate the theoretically possible coldest 


temperature in °F. y 

12.6 In a certain thermometei 4*C and 100°C are 

1 16cm apart. How far will the 42°С mark be 
from the 0°С mark? 


12.7 The distances of 0°C and 100°C marks from the 
mercury level, which stands between 0°С and 
100°C, is 4.0 cm and 16.0 cm respectively. 
(i) What is the length of the fundamental inter- 
val? (ii) What is the distance between two succese 
sive marks? (iii) How far will the 49°С mark be 
from the 0°C mark? 

12.8 In a certain mercury thermometer the 0°С and 
100°C marks аге 63 mm and 213 mm from the 
bottom of the bulb. When placed in a hot water 
tub, the mercury stops at a height of 138 mm. 
What is the temperature of the water? 

12.9 Ina certain mercury thermometer while measur- 
ing the temperature of a hot liquid it was observ- 
ed that the 0°C mark, 100°C mark and the top of 
the mercury level are 160 mm, 40 mm and 64mm 
from the top of the tube respectively. What 
temperature does the thermometer indicate? 
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12.11 


12.12 


12.13 


12.14 


12.15 


12.16 


12.17 


12.18 


12.19 


12.20 


12.21 


12.22 


A steel ruler is 30.00 cm long at 15°C when 
calibrated. On a day in June, the temperature 
rises to as much as 46°С. Find the length of the 
the ruler on that day. If the ruler is made of 
copper what will be the increase in length? 


A steel measuring tape is 5.0000 m long at 5°C. 
At what temperature will it be 0.5 cm longer? 
The tungsten filament in a light bulb is about 
1.00 cm long. When the bulb is switched on, the 
filament temperature changes by as much as 
1900°С. What will be the new filament length? 

A brass ring has a diameter of 40 cm at a tem- 
perature of 50°С. Find the diameter of the ring 
at 200*C. 

An iron tyre of inner diameter 992.0 mm at 
20°С is to be fitted over a wooden wheel of dia- 
meter 1000 mm. To what temperature should the 
tyre be raised so that it just fits over the wheel? 
This method is used for preparing the wheels of 
bullock carts. 

The length of a certain bridge is 2.0000 km at 
0°C. The temperature in the region goes to as 
high as 46°С. If the bridge is made of iron, 
find the change in length. 

It is noticed that when а 100.00 cm long chro- 
mium wire is cooled from 20°С to 0°С, its length 
becomes 99.99 cm. Find the coefficient of linear 
expansion of chromium. 

A rod 3000 mm long when heated from 8°C to 
88°C expands by 1.5 mm. Determine the coeffi- 
cient of linear expansion. 

Find the coefficient of superficial and volume 
expansion of first three substances given in 
Table 12.5. 

At what temperature will the length of a 1000 mm 
long copper rod be doubled? Initial temperature 
0°C. 

An iron plate at 0°C has a circular hole of 
diameter 1.0 cm. What will be the diameter of 
the hole at 100°C? 

The coefficient of volume expansion of iron is 
51x10- C-'. What will be the coefficient of 
linear and superficial expansion? 

A flat round plate at 10°C made of aluminium 
has a radius of 21 cm. What will be its area at 
100°C? 


12.23 


12.24 


12.25 


12.26 


12.27 


12.28 


12.29 


12.30 


12.31 


12.32 


12.33 
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A flat square steel plate of length 1000.0 mm is 
heated from 20°C to 200°C. Find the new area. 
At what temperature will the area of a lead square 
plate of side 1000 mm be doubled? Assume that 
the plate does not melt at this temperature. Initial 
temperature 0°С. 

A vessel made of pyrex glass has a volume of 
5.0litres at 30°С. It is filled with turpentine. 
What is the (i) volume of vesselat 60°С, 
(i) volume of the turpentine at 60°C, and 
(iii) volume of the turpentine overflowing at 60°C? 
A pyrex glass beaker is filled to the top with 
400.0 cm? of mercury at 16°C. How much mer- 
cury runs out of the beaker as the temperature 
is raised to 100°C? 

600 g liquid of coefficient of volume expansion 
3x10— °C- occupies a volume of 0.51 litres at 
278 K. The temperature of the liquid is raised to 
348°C. Find the density and the volume of the 
liquid. 

The gas inside a cylinder is compressed to one 
fourth of its original volume. If the final pressure 
is 10° Nm-, determine the initial pressure. 

The pressure of a gas changes from 1 atmosphere 
to 0.25 atmosphere at constant temperature. 
What is the ratio of the final and initial 
volumes? 

An air bubble is taken from the surface to the 
bottom of a 100 m deep lake. If the volume of 
the bubble at the bottom of lake is 1 cc, cal- 
culate its volume at the surface. Assume that 
there is no temperature change. 

(Hint: pressure at the surface of lake is 1 atmos- 
phere (10° Nm~*), At the bottom of the lake, the 
pressure is 1 atmosphere +-pgh] 

Gas at 22°С is contained in a cylinder with a 
movable piston. When the temperature is raised 
the piston moves out keeping the pressure cons- 
tant. The volume of the gas at 102°С is 1.50 litre. 
Find the initial volume of the gas. 

Oxygen at a temperature of 27°С is contained in 
a container at a pressure of 3x 10° Nm-?. What 
will be the pressure if the temperature of the 
container is raised to 127°С? 

By what per cent will the pressure inside a car 
tyre rise, when the temperature changes from 
30°С to 80°С? Assume that there is no change 
in the volume of the tyre. 


13 Measurement of Heat 
Energy 


Two bodies at different temperatures and in contact exchange 
heat energy. The exchange of heat energy follows the overall 
law of conservation of energy. The knowledge of the amount of 
heat transferred from one body to another forms the basis of 
measurement of the quantities associated with the study of heat 
energy. 


13.1 BASIC CONCEPTS 


We will begin with certain definitions used in the study of heat 
energy. 


D.13.1 Unit of Heat SI unit of heat is Joule (J) because heat 
is a form of energy. 

NOTE Still another unit for heat energy, calorie (D.13.2), 
which is not an SI unit, is used by many authors. All the calcula- 
tions in this book are done in SI units only. 


D.13.2 Calorie A base CGS unit (D.1.4) of heat energy. 

WRITTEN REPRESENTATION cal 

SPECIFICATION Amount of heat required to raise the tem- 
perature of 1 gram of water by 1°C. 

Or 
Amount of heat required to raise the temperature of | gram of 
water from 14.5°C to 15.5°C, 

NOTE The second specification is known as 15° calorie. The 
temperature range is included in the definition because specific 
heat capacity (D.13.4) of water is not independent of the tem- 
perature range. For most practical Purposes, however, the 
variation in the range 0°C to 100 C can be neglected. 
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D.13.3 Kilocalorie A larger CGS unit of heat energy, equal to 
1000 cal. 
TYPE OF QUANTITY Derived CGS unit 
WRITTEN REPRESENTATION kcal 
SPECIFICATION 1 kcal — 1000 cal 
RELATION BETWEEN CALORIE AND JOULE 
1 cal = 4.1868 J (E. 13.1) 


NOTE In this book, wherever required, 1 cal — 4.2 J. 


D.13.4 Specific Heat Capacity (or, simply, Specific Heat) A 
measure of the heat holding capacity of the substance. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION С, 5 

SPECIFICATION The quantity of heat required to raise the 
temperature of one kilogram of a substance by one Kelvin (or 
by ГС). Measured either in Joule per kilogram per Kelvin 
(J kg"! К^!) or joule per kilogram per degree Celsius (J kg-t 
°C-!), See Note (vi) D.12.13. 

NOTES (i) If the unit of heat is cal then the unit of specific 
heat capacity is cal ет”! "C-! (or kcal Кет! 'C7!). In this unit 
specific heat capacity of water is 1 cal вт”! *C"!, 

(ii) For gases two kinds of specific heat capacities are defined: 
one measured by keeping volume of the gas constant (cy) and 
the other measured by keeping pressure of the gas constant (су). 

(iii) The specific heat capacity is not an absolute constant. It 
does vary with temperature. 

(iv) The high specific heat capacity of water plays an important 
role in keeping temperature changes to a minimum near 
seashores. In the day time, water absorbs a large amount of heat 
energy. This is released to the surroundings at night. This 
prevents the fall of temperature at night. 


D.13.5 Heat Capacity (old name Thermal Capacity) A measure 
of the heat energy possessed by a body. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION. C 

SPECIFICATION The quantity of heat energy required to raise 
the temperature of a body through 1 К or 1°C. Measured in 
Joule per Kelvin (J К!) or Joule per degree Celsius (J (C1): 

MATHEMATICAL EXPRESSION From the definition of specific 
heat capacity, the amount of heat required to raise the tem- 
perature of a body of unit mass by 1 K = c. 

C — amount of heat required to raise the temperature of 


a body of mass m by 1 K — mc. 
C = mc (Е.13.2) 
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TABLE 13.1 Specific heat capa- 

cities of some substances 
liquids 
around 20°С and for gases 


(for solids and 


at NTP). 
Substance c (Jkg ! °C) 
Alcohol 2500 
Aluminium 920 
Brass 395 
Copper 390 
Concrete 840 
Glass 420 —840 
Human body 3486 
Ice 2100 
Iron 460 
Lead 130 
Mercury 139 
Silver 235 
Steel 462 
Water 4200 
Wood 1764 
Air 1050 
Helium 5208 
Oxygen 920 
Steam 1974 


Note: Among solids 
liquids, water has the highest 


specific heat capacity, 


and 
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NOTES (i) The word ‘specific’ appearing before a physical 
quantity is now exclusively used only to mean ‘per “unit mass’. 
If the physical quantity is denoted by a capital letter [e.g. C for 
heat capacity, L for latent heat (D.13.8)] the specific quantity is 
denoted by the corresponding lower case letter [e.g. c for the 
specific heat capacity, etc.] 

(ii) Water has the second highest heat capacity among all the 
substances; the highest is that of helium. 


D.13.6 Transfer of Heat Energy A measure of the total amount 
of heat energy gained or lost by a body. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION О 

SPECIFICATION The heat energy gained or lost when the 
temperature changes from 7; to Ту. Measured in joules (J). 

MATHEMATICAL EXPRESSION From E.13.2 and specification 


Q =C (T-T) = me (Ti-Ti) (E.13.3) 


NorEs (i) Water is used in car radiators to cool the engine 
because for a given О, Te— Ti is least for water on account of 
its high specific heat capacity. Thus, the rise in temperature will 
be least for water (see Example 13.4). 

(ii) When О > 0, Te > Ti, the body gains heat. When О < 0, 
Tt — Ti, the body loses heat. 


13.2 CHANGE OF STATE 


The addition or removal of heat from а body does not always 
change its temperature. This happens when a solid liquefies or 
a liquid boils, Fig. 13.1. 

(a) From solid to liquid In a solid, vibrating atoms are 
assumed to be joined to each other by springs, whereas in a 
liquid the atoms are free to move throughout the volume of the 
liquid. In order to convert a solid into liquid, the springs 
between atoms must be broken. Ata certain temperature, known 
as the melting point, the whole of the energy supplied to the 
solid is used up in breaking the springs. Since there is no increase 
in the kinetic energy of the atoms, the temperature of the 

FIG. 13.1 Graph of temperature material does not change. This energy which must be supplied 
vs time when heat at a constant rate to break the lattice structure is known as the latent heat of 
of 84x 10° J per minute is supplied to fusion (D.13.9). 

1 kg of ice. (b) From liquid to solid When a liquid is cooled, the kinetic 
energy of the molecules decreases and they come nearer to each 
other. At the melting point, the molecules are so much closer 
to each other, that these cannot escape from the attractive force 
of their neighbours and the lattice structure appears. In this 
transition, atoms lose kinetic energy which is given to the sur- 


Temperature (°С) 


Time (min) 


MEASUREMENT OF HEAT ENERGY 


roundings. The temperature of the material will not decrease 
unless all the atoms lose their excess kinetic energy. 

(c) From liquid to gas Normally the molecules of a liquid 
are not able to escape from the surface because of (i) the strong 
downward cohesive force at the surface which pulls them down 
and (ii) the downward pressure exerted by the gases above the 
liquid surface. In order to convert a liquid into gas, energy must 
be supplied to overcome these two forces. At the boiling point, 
all the energy supplied goes to overcome these forces and there is 
no increase in kinetic energy of the molecules. The temperature, 
therefore, remains constant. This energy supplied at constant 
temperature is the latent heat of vaporisation (D.13.10). 

(d) From gas to liquid When a gas is cooled, the agitated 
motion of the molecules is slowed down, and the average 
distance of separation between two molecules decreases. At a 
certain temperature, known as the boiling point, the forces 
between two molecules become strong enough to restrict their 
motion to a part of the available volume. In this state, the 
kinetic energy of the molecules is much less than the kinetic 
energy in the gaseous state. The balance of energy is released 
to the surrounding and the gas liquefies. 


D.13.7 Isothermal Transformation of State A change of state 
(e.g. solid to liquid or liquid to gas) without change in tem- 
perature. 


D.13.8 Latent Heat A measure of heat energy required to 
produce an isothermal transformation of state. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION L 

SPECIFICATION The amount of heat energy absorbed or releas- 
ed in an isothermal transformation of state. Measured in 
joules(J). 


D. 13.9 Specific Latent Heat of Fusion A measure of the energy 
needed to break the lattice structure. 

ТҮРЕ ОЕ QUANTITY Scalar 

WRITTEN REPRESENTATION Jr 

SPECIFICATION The amount of heat energy required to convert 
1 kilogram of a solid to a liquid without change in temperature. 
Measured in joules per kilogram (J kg™'). 

NOTE When 1 kg of liquid is converted to solid, heat energy 
equal to /; must be removed from the liquid. 


D. 13.10 Specific Latent Heat of Vaporization А measure of the 
energy required to overcome the cohesive forces between 


molecules, 
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TABLE 13.2 Specific latent heat 
of some substances. 


Substance 


Alcohol 
(ethyl) 
Gold 
Helium 
Lead 
Mercury 
Nitrogen 
Oxygen 
Silver 
Water 


Ir 


ГА 
(х 10? 
J kg!) 
854.1 
1578.4 


20.9 
870.8 


' 297.3 


201.0 

213.5 
2344.6 
2260 
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TABLE 13.3 Calorific values (kJ 
Кр!) of some items of daily 


consumption. 

Item Calorific value 
Boiled potatoes 3400 
Bread 10 000 
Butter 29 000 
Cheese 16 800 
Chocolate 23 000 
Egg 7 000 
Fresh fruit 2 000 
Green vegetable 1 500 
Olive oil 29 000 
Peas 4 200 
Sugar 16 000 
Petrol 50 000 
Coal 28 000 

Thermometer Copper 


Stirrer 


FIG. 13.2 A calorimeter, 1t con- 
tains an outer vessel A made ofa 
poor conductor of heat like wood. A 
copper vessel B is placed inside the 
outer vessel А. The copper vessel 
contains a liquid of known specific 
heat (usually water). The air between 
the two vessels prevents loss of heat. 
A stirrer, to keep various parts of 
liquid at the same temperature, and a 
thermometer is placed in the liquid 
through the holes in a cover made 
from a nonconducting material. 
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TYPEOF QUANTITY Scalar 

WRITTEN REPRESENTATION /, 

SPECIFICATION The amount of heat required to convert 1 kilo- 
gram of a liquid to the vapour state at a pressure of 101 325 
М№тг2, without change of temperature. Measured in joules per 
kilogram (J Кр), 

NOTES (i) There is a third kind of latent heat namely specific 
latent heat of sublimation. It is defined as the quantity of heat 
Tequired to change unit mass of a substance from the solid to the 
vapour state without change of temperature. 

(ii) When 1 kg of vapour condenses to the liquid at boiling 
point, the amount of heat released to the surroundings is Л. 

(iii) 1 kg of steam would cause more severe burn than 1 kg of 
boiling water because steam releases latent heat of vaporisation 
as well. 

D. 13.11 Calorific Value A measure of the heat energy liberated 
by a fuel during burning. 

TYPE OF QUANTITY Scalar , 

WRITTEN REPRESENTATION Calorific value : 

SPECIFICATION The amount of heat energy liberated by the 
complete combustion of one kilogram of a fuel, the water formed 
being assumed to condense to the liquid state. Measured in joule 


per kilogram (J kg"). wer d 
notes (i) Another widely used unit is calorie per gram 


(cal g'). bas 
(ii) In the human body, the food after digestion enters the 
blood. Here it is oxidised (which is nothing but slow burning) 


and provides us with energy. 


13.3 CALORIMETRY 


D.13.12 Calorimetry The branch of science dealing with the 
measurement of quantity of heat. 1 

NOTE The specific heat capacities, specific latent heats, calori- 
fic value of fuels and heats of combustion, reaction and solution 
are determined in this field. 


D. 13.13 Calorimeter An apparatus used for determining 
quantities of heat evolved, absorbed or transferred. 

CONSTRUCTION See Fig. 13.2. 

WORKING PRINCIPLE А body at different temperature than 
the calorimeter and its contents is allowed to come in contact 
With the contents of the calorimeter. The heat energy is exchang- 
€d till the calorimeter and its contents attain a uniform tempera 
ture. The law of conservation of energy gives 


Heat lost = Heat gained (E. 13.4) 
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D. 13.14 Water Equivalent A quantity which can replace the 
calorimeter in all calculations. 
TYPE OF QUANTITY Scalar 
WRITTEN REPRESENTATION W 
SPECIFICATION The mass of water which will have the same 
heat capacity as the calorimeter and its contents. Measured in 
kilogram (kg). 
MATHEMATICAL EXPRESSION 
Heat capacity of calorimeter = mc 
Heat capacity of water = Wey 
From the specification 
Wew = mc or 
we "© (E. 13.5) 
Cw 
NOTE If the calorimeter is filled with water, then the water 
equivalent of the calorimeter and its contents is simply equal to 
the water equivalent cf the calorimeter+mass of the water. 


D. 13.15 Bomb Calorimeter An instrument for measuring heat 
produced by the combustion of a fuel. 
CONSTRUCTION See Fig. 13.3. 


13.4 DETERMINATIONS USING CALORIMETER 


(a) Specific heat capacity of a solid (i) Determine the weight 
of the solid body (M kg). 

(ii) Heat the solid in a steam chamber such that it does not 
come in contact with the steam. Note the steady temperature of 
the solid body (T°C). 

(iii) Take a calorimeter of known mass (m kg). Fill it about 
two-thirds with water and determine the mass of the water (W 
kg). Note the temperature of the calorimeter and its contents 
(Tı °С). 

(iv) Quickly transfer the solid to the calorimeter. Stir the water 
in the calorimeter and note the highest temperature reached 
(T+ °С). 

(v) Let the specific heat capacity of solid, copper (material of 
calorimeter) and water be с. J kg! °С-!, 390 J kg ! *C !, and 
4200 J kg"! ^C! respectively. 

Heat lost by solid = Mcs (Tr—- T) J 

Heat gained by water-+calorimeter = (390m +4200 W) x 


(1-7) J 
Heat lost = Heat gained 
Mes (Т‹— Т) = (390m+4200W) (T:— Ti) 
(390m--4200W)  T71— Т 
or, a= = AC T (E. 13.6) 


201 


Fuel 


FIG. 13.4 Determination of speci- 
fic heat of solid. A solid is heated in 
a steam chamber such that it does not 
touch the water. When its temperature 
becomes constant it is quickly trans- 
ferred to а calorimeter. The contents 
of the calorimeter are stirred vigo- 
rously till maximum temperature is 
attained. 


202 


FIG. 13.5 Determination of Speci- 
fic latent heat of fusion of ice, Dry 
ice is added slowly to warm water, at 
about 10°С more than room tempera- 
ture, in a calorimeter. The ice is dried 
with the help of a filter paper. The 
addition of ice is continued till the 
water temperature is about 5°С less 
than the room temperature. 


FIG. 13.6 Determination of speci- 
fic latent heat of vaporisation. Steam 
is passed for some time through the 
calorimeter till the temperature of the 
water is about 30"C higher than the 
room temperature, The steam tem- 
perature at the given atmospheric 
pressure is taken from the standard 
tables or measured by a thermometer, 
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LIMITATIONS No matter what precautions are taken, some 
heat is always lost by the solid while transferring it to the calori- 
meter. T used in the calculations, therefore, is slightly higher 
than the actual value. 


(b) Specific heat capacity of liquid Here all the Steps remain 
same as in the previous experiment. Ил kg of a liquid is taken 
in the calorimeter, instead of water. A Solid, which does not 
Ieact with the liquid, of known specific heat capacity с, J kg"! 
С”! is taken. 

Heat lost by solid — Heat gained by liquid+-calorimeter 


Ma (Tr— T) = (390т--с №) (T:— Т) 


_ Мо (Т Т) 390m Е. 13.7 
а= т (Т Т) W, шз 


(c) Specific latent heat of fusion of ice (i) Take a calorimeter 
of known mass (m kg). 

(ii) Add some water of known mass in the calorimeter ( W kg). 

(iii) Heat the calorimeter such that its temperature is raised 
by about 5°C above room temperature (7i °С). з 

(iv) Add a dry ice cube іп the water. Stir the water keeping 
the ice completely under water, till it melts completely. Add more 
ice if necessary such that final water temperature is about 5°C 
below the room temperature (Tr °C). 

(v) Weigh the calorimeter to determine the mass of ice added 
to the water (M kg). 

(vi) Let specific latent heat of fusion of ісе = Lr J kg7!. 

Heat gained by ice in melting = M k J. 

Heat gained by water obtained from melting of ice — 4200 
MT: J. 


Heat gained — Heat lost 
ML:--4200 MT; = (390m4-4200W (T; — Ту). 


(390m--4200 W)( Ti — T1) 
Log er MUERE 


—4200 T; (E. 13.8) 

(d) Specific latent heat of vaporization of water In this ex- 
periment steam is passed through water in the calorimeter for 
some time. Let the mass of steam condensed be M kg, and the 
final temperature be Ti. The temperature of the steam T at the 
atmospheric pressure is noted from the table. Let the specific 
latent heat of vaporization be Ly J kg-!. 


Heat gained by water+calorimeter = (390 +4200W) 
X(Ir— Ti) J 
Heatlost by steam in condensing — ML, J 
Heat lost by water produced from condensing steam — 
4200 M (T— Т) J 
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Heat lost = Heat gained 
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ML,+4200 M (Т— Т) = (390m-4-4200 W)(11— Ti). 


or, 
(390m+4200W)(Tr— Т1) 
Lomo Tm de ELS 1А 


—4200(T— Tt) (E. 13.9) 


SOLVED EXAMPLES 


EXAMPLE 13.1 The heat capacity of a 5.4 kg 
object is 4536 J^C^!. Determine the specific heat 
capacity of the material of the object. 


Solution т = 5.4 kg and C = 4536 °C", 
The heat capacity C is 
C — mc 
o vase SEE cic dn 
m 5.4 kg 
= 840 J kg! °C™!. 


Answer The specific heat capacity of the 
material of the object is 840 J kg"! °C™!. 


EXAMPLE 13.2 How much heat energy is requir- 
ed to change the temperature of 100g water from 
10°C to 40°C? 
Solution т = 100g = 0.1 kg, Т; = 10°C, 
Ty = 40°C and c = 4200 J kg-! *C-!, 
Heat energy required to raise the temperature 
from 10°C to 40°C 
= mc(Ti— Ti) = 0.1 kg x 4200 J kg-! °C“! 
x (40°C — 10°C) 
= 126007 
Answer The required heat energy is 12600] 


EXAMPLE 13.3 A 10.0 g lead bullet travelling at 
a speed of 100 ms! hits a wooden block and 
stops. Find the rise in temperature of the bullet 
on impact if the whole of the kinetic energy is 
converted into heat energy. 

Solution т = 10g = 0.01 kg, vi = 100ms '!, 
% == 0, and с = сыа = 130 J kg! °C. 


Change in kinetic energy of the bullet 


0.01 kg 
2 


==> mu-w)- X(100. ms-!)? 


According to the question this energy is con- 
verted into heat energy of the bullet. The gain 
of heat energy by the bullet will be mc AT, where 
AT is the change in the temperature of the 
bullet. We have, therefore, 

mc 4T = 50 J, or 


Ap 502 50J 
mc 0.01 kg x 130 J kg 1 °С”! 
= 38.5°С. 


Answer The temperature of the bullet will 
change by 38.5°C. 


ЕхАМРІЕ 13.4 A fiat car radiator contains 
about 10.000 litre of water. During a one hour 
run, the temperature of the water rises by 30°C. 
(i) Find the amount of heat transferred to the 
water by the engine. (ii) If the radiator is filled 
with ethyl alcohol instead of water, what would 
be the rise of temperature? 

Solution V = volume of water = 10 litre = 
10‘cm? = 0.01 m?, т = mass of water = Vx 
density = 0.01 т? x 1000 kg m? = 10 kg, AT = 
rise in temperature = 30°С. 
Cwater = 4200 J kg7! °C, 
J kg! °C- 

(i) Heat transferred by engine to water = 
MCwater AT 


and сасоһо = 2500 
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= 10 kg x4200 J kg ! ^C! x 30°C 
= 1.26 x 106 J. 

(ii) If ethyl alcohol is used instead of water, 
then heat energy supplied to the alcohol will 
remain the same. In this case if AT is the rise 
of temperature then we have, 

mMeaiconct AT = 1.26 x 10° J, or 


1.26106 J 
AT = 70 kg x2500 J kg CH 
= 504 C. 


Answer The heat transferred to water by 
the engine is 1.26%10° J. The rise in the tem- 
perature of ethyl alcohol will be 50.4°C. 

Suggestion Do this problem for 50°C rise 
of water temperature. 


EXAMPLE 13.5 2.000 kg of ethyl alcohol is 
pentod by an immersion heater for 250s, If the 
emperature of the alcohol rises from 20.0°C to 
70.0°С, find (i) heat supplied to the alcohol and 
(ii) power of the heater. 

Solution m —2 kg, t= 2505 Ti P 

TEL , Ti = 20°C, 

Tr— 70.0C, and c=2500 J Ке! °С-!, 
im Т‹— Ti = 70°С—20°С = 50°С. 

(i) a supplied to alcohol by heater — heat 
gained by alcohol = mc AT — 2 kex 
Кет! °С-1х 50°C rere 

= 2.5105 J 


(ii) Power of the heater = i 
muy ter — Energy supplied/ 
_ 2.5X105 J 
= S250 Са == 1000 W. 
Answer The immersion heater supplies 2.5 x 
105 J energy to ethyl alcohol. The power of the 
heater is 1000 W. 


EXAMPLE 13.6 А blacksmith, while moulding a 
part of a hammer, inserts a hot iron piece of 
mass 100 g in 1000 g of waterat a temperature 
of 29.5°С. If the final temperature of water is 
35.0°C, calculate the initial temperature of the 
iron piece. 

Solution Miron = 100g = 0:1 kg, mw = 
1000 g = 1 kg, Ti = 29.5°C, Т; = 35°С, Citron = 
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460 J kg °С-!, and cy = 4200 J kg! °C", 
When the iron piece is dropped into water, it 
loses energy and water gains energy. Let the 
initial temperature of the iron piece be T. 


Energy lost by iron piece — MironCiron(T'— Тү) 
= 0.1 kg X460 J kg-! °С-! (Т—35°С) 
= 46 x (T— 35°C) J °С-!. 
Energy gained by water = mwcw( Tt— Ti) 
= 1 kgx 4200 J kg"! °С! x (35°C —29.5°C) 
= 23 100 J 
From the law of conservation of energy 
Heat lost = heat gained, or 
46 (T—35°) J °С-! = 23 100 J, or 
Т = 537.2°С. 


Answer The initial temperature of the iron 
piece was 537.2°C. 


ExAMPLE 13.7 In an experiment on determina- 
tion of specific heat capacity of glycerine, 1.2 kg 
of glycerine at a temperature of 60°С is mixed 
with 2.0 kg of water at 10°С. The final tempera- 
ture of the mixture is 30°С. What is the specific 
heat capacity of the glycerine? 

Solution my = 2 kg, cw = 4200 J kg-! °С"! 
mg = 1.2 kg, 7i = 10°С, Tt = 30°C апа T= 
60°C, cg =? 

Heat lost by glycerine = mgceg(T— 71) 

= 1.2 kg с (60°С — 30°С). 
= 36 c, kg °C. 
Heat gained by water = mwcw (Tr—Ti) j 
= 2 kg x 4200 J kg™! °С! (30°С — 10°С) 
= 168 000 J. 


' Heat lost — heat gained, or 


36 c, kg °С = 168 000 J, or 
ce = 4666.7 J kg^! °C“, 


Answer The specific heat capacity of glyce- 
rine is 4667 J kg"! °C. 


EXAMPLE 13.8 Find the amount of heat energy 
needed to melt 100 g of ice completely at 0°C. 

Solution When ice melts and is converted 
to water àt the same temperature, energy must 
be supplied from outside. 
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Energy supplied = mass of ice X specific latent 
heat of fusion 


= 0.1 kgx336x 10? J kg^! 
= 3.36x 104 J. 


Answer 3.36 х 10 J of heat energy must be 
supplied to melt 100 g of ice completely. 


EXAMPLE 13.9 How much heat energy is requir- 
ed to convert 1 kg of ice at 0°С to steam at 
100°C ? 

Solution m= 1kg, Ti = 0C, Т; = 100°C, 
Ir = 336 X10? J Кр-!, c = 4200 J kg! *C-! and 
1, = 2260 x 103 J kg-!. Here energy is required 
first to melt ice, then to raise the temperature of 
water from 0°C to 100°C and finally to convert 
water at 100°C to steam at 100°C. 


(i) Heat required to melt ice at 0°C 
= mX = 1kgx336x10 J kg™! = 3.36 x 105 J 
(ii) Heat required to change the temperature 
of water from 0°C to 100°C 
= mc(Tr— Ti) = 1 kgx 4200 J kg“! *C7! x 100°C 
= 4.2x 105 J. 


(iii) Heat required" to convert water at 100°C 
to steam 
= ml, = 1 kgx2260x 10? J kg! = 2.26 x 106 J 
Total heat energy required 


= 3.36 x 105 J--4.22 x 105 J--2.26 x 105 J 
= 3.018 x 106 J 


Answer The heat energy required to convert 
1 kg ice to steam is 3.018 x 105 J (718 000 cal). 


EXAMPLE 13.10 When sweat evaporates from 
the skin, the temperature of the body decreases 
as the latent heat of vaporization is supplied by 
the body. Calculate the amount of sweat eva- 
porated from the body of a 60.0 kg person to 
cool him by 1.00°C. The heat of vaporization of 
sweat is 1320 J Кр-!. 


Solution т = 60 kg, AT = 1°C, l, = 1320 J 
kg™ and c = 3486 J kg™!. Let M bethe amount 
of sweat evaporated to cool the body by 1°C. 

Amount of heat withdrawn from the body 
When its temperature decreases by 1°С — mc AT 
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= 60 kg x 3486 J Квт! x 1°C 
— 209 160 J. 


When the sweat evaporates, the heat energy 
needed for evaporation is drawn from the body. 
The heat emergy required for evaporation of 
sweat of mass М = Ml, = 1320 M J Квт! 
Hence, 


1320 M J Кр! = 209 160 J, or 
_ 2091603 _ 
М= 1320 J кві ^ 158 kg. 


Answer The mass of sweat required is 158 kg! 


EXAMPLE 13.11 In places where the temperature 
goes below 0°С, the release of heat energy by 
freezing water is utilized to prevent a drastic fall 
in the room temperature by people who cannot 
afford heating systems. Suppose that a room of 
volume 50 m? is to be kept at 4°C, when the 
water in a tub inside the room freezes completely. 
How much water does the tub contain? 

Solution Volume of room = 50 m?, mass of 
air inside the room = 50 m?x 1.29 kg m^? = 
64.5 kg, сан = 1050 J Кр! *C7!, 

If no water is kept in the tub, the room 
temperature will keep on decreasing. In order 
to keep the room at 4°С heat energy must be 
supplied to the air inside the room. This energy 
can be supplied by the freezing water which 
releases energy in the form of latent heat. When 
water starts freezing the air temperature will rise 
from 0°C. Let the mass of the water in the tub 
be M. 

Heat released by complete freezing of water of 
mass M = Mk. 

Heat required to raise theair temperature from 
0°C to 4°C = Mair Cair АТ 

= 64.5 kg X 1050 J kg"! °C! x 4°C 


= 270 900 J 
Hence, 
MX 336X 10? J kg™ = 270 900 J, or 
270 900 J 


-336x10 J kg! 0.87 kg 


Answer The tub should contain 0.87 kg of 
water. У 
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NOTE À somewhat similar procedure is adopt- 
ed by farmers to save their crops from frost. 
They fill their fields at night with water. The 


heat 
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released by the freezing water keeps the 


crop warm, thereby saving it from damage by 


frost. 


PROBLEMS 
(Wherever needed take the relevant value from tables) 


13.1 What is the heat capacity of 10 kg of (i) iron, 


(ii) wood, and (iii) water? 


13.2 2205 J of heat is required to raise the tempera- 


ture of a 250 g block by 10?C. Find the specific 
heat capacity of the solid. 


13.3 Normally a clinical thermometer contains about 


1.5 g of mercury (it varies from 1 g to 2 g). On 
aday when the air temperature is 20°С, the 
thermometer reads 39°C when withdrawn from 
the body. How much heat energy has been sup- 
plied by the body to the thermometer? Assume 
that the glass takes negligible heat energy. 


13.4 A copper ball falls to the ground and its tem- 


13.5 In a waterfall, 


13.6 Various calculations and 


perature rises by 1.4°С. If one half of its kinetic 
energy is converted into heat energy on im 
calculate the height through which Vs “ПЕ 
fallen. 

water falls from a height of 
100 m. Assuming that the whole of the kinetic 
energy of the water at the bottom of the fall is 
converted into heat energy, calculate the differ- 
ence in temperature of the water between the 
top and bottom of the fall? Assume that at the 
top of fall, the speed of the water is zero. 

Var experimental work 
indicate that the average heat produced inside 
the human body, by burning the food, is about 
8.400 x 10° J per day for a person of mass 60 kg. 
What would be the increase in the body tem- 
perature per day if no part of the heat produced 
is lost to the surroundings (specific heat of body 
is 3486 J kg  *C ~)? 


13.7 When a spacecraft enters the earth’s atmosphere, 


its motion is opposed by the gases in the atmos- 
phere. Due to this opposing force, the kinetic 
energy of the spacecraft is converted mostly into 
heat energy. As a consequence, its temperature 
increases tremendously. A spacecraft is therefore 
provided with special heat shields which prevent 
damage to the interior. Suppose a spacecraft 
made of aluminium enters the earth's atmosphere 
at a speed of 800 ms-! and is slowed down to 
40 ms’. Find the rise in temperature of the 
spacecraft, 


13.8 


13.9 


13.10 


13.11 


13.12 


13.13 


13.14 


13.15 


13.16 


13.17 


13.18 


13.19 


A metcorite of mass 10 kg travelling at а speed 
of 200 ms-' enters the earth's atmosphere. Its 
speed is reduced to 50 ms-' by the frictional 
forces produced by the atmospheric gases. (i) 
How much heat energy is produced? (ii) What is 
the specific heat capacity of the meteorite if the 
rise in temperature is 100°C? 

Calculate the amount of heat energy lost by a 
5.000 kg piece of wood when it cools from 60°C 
to 5*C. 

63 000 J of heat energy is supplied to 5.000 kg 
of ice to change its temperature from —9°C to 
—3°C. Determine the ‘specific heat capacity of 
the ice. 

What is the power of the heating element of an 
electric kettle which heats 2000 g of water from 
30.0°C to 79°С in 9.80 min? 

Calculate the rise in the temperature of 10.00 kg 
of water which is heated by a 1400 W heater for 
10.00 minutes. 

Determine the temperature of the mixture when 
150g of water at 60.0*C is mixed with 450 g of 
water at 10.0*C. 

How much water at 20°С will cool 4.00 kg of 
glass from 100°C to 40°C? The specific heat 
capacity of glass is 840 J kg -' °С-!. 

How much ethyl alcohol at temperature 70°С 
should be added to 100 g of ethyl alcohol at 
temperature 0°C to raise its temperature to 
50°С? 

280 g of turpentine at 60°C is mixed with 2100 g 
of ethyl alchol at 30°С. If. the temperature of 
the mixture is 35°C, determine the specific heat 
capacity of the turpentine. 

How much heat energy will be liberated by 
freezing 5 kg of lead? 

How much energy must be removed from 2.5 kg 
of water at 20°С in order to just freeze it? 

A vacuum flask contains 0.36 kg of ice and no 
water. Since the body of the flask is not a perfect 
insulator, some heat enters the flask and melts 
the ice. Suppose 3.36 J of heat entcrs the flask 
per second. How long does it take to melt the 
ice completely? 
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13.20 


13.21 


13.22 


13.23 


13.24 


13.25 


13.26 


13.27 


13.28 


13.29 


13.30 


How much ice at 0°С will be melted by 100g of 
steam? 

How much heat energy is needed to melt 20g 
ice at OC and then to raise the temperature of 
the water to 10°C? 

Calculate the excess energy possessed by 1.5 kg 
of steam at 100°C than by water at the same 
temperature, 

How much energy will be given off by 0.5 kg of 
steam if it is cooled to water ata temperature of 
70°С? 

When 210 р of water at 19°С is added to 34 g of 
ice at 0°C, the final temperature of the mixture 
becomes 5°C. , Determine the specific latent heat 
of fusion. 

How much ice is needed to cool3.36 kg water 
from 60°C to 30°C? Ice is not mixed with water. 


What is the water equivalent of a copper calori- 
meter of mass 42 g? 


What is the mass of an aluminium calorimeter, 
if the water equivalent is 2.3 g? 


Find the specific heat capacity of the material of 
a calorimeter which has a mass of 100 g and 
water equivalent of 25 g. 


A copper calorimeter of mass 500 g has 50g of 
ice. 50 g of boiled water at 100°C is added to it. 
Find the final temperature of the mixture. 


When 10.0 g of steam at 100°C is passed through 
145 g of water at 20.0?C, the temperature of the 


13.31 


13.32 


13.33 


13.34 


13.35 
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water rises to 60.0°C. Calculate the latent heat of 
vaporisation of water. 

Determine the specific heat capacity of ether 
from the following observations: mass of copper 
calorimeter = 36.0 р, mass of calorimeter+ 
ether = 108 g, initial temperature of ether = 
25.0°C, mass of iron piece = 18.0 g, temperature 
of the iron piece = 145°C, and final temperature 
of ether = 31.3°C. 

A metal piece of mass 40.0 g is heated ona 
flame till its temperature becomes equal to that 
of the flame and then it is quickly transferred to 
acalorimeter of mass 90.0 g containing 180 g of 
water at 17.0°C. If the temperature of water rises 
to 41°C, determine the temperature of the flame. 
Given that the specific heat capacity of metal 
and calorimeter аге 540 J kg-! °C and 450 J 
kg-! *C-!, respectively. 

Determine the amount of heat energy given out 
when (i) 3.0 kg of steam condenses to water and 
(ii) 3.2 kg of water is converted to ice, without 
any change in temperature. 

How much heat energy is required to convert 


(i) 10 kg of ice to water and (ii) 10 kg of water 
to steam at constant temperature? 


In Delhi the average solar energy received per 
day is about 2.85x 10* J m~ s-*. Calculate the 
rise in temperature of 100 litre water if it absorbs 
this much of energy. (In the available solar water 
heaters in the market, the rise in temperature is 
about 30°С.) 


TABLE 14.1 The range of wave 


lengths associated with light, 


Colour 


Red 
Orange 
Yellow 
Green 
Blue 

. Violet 


Wave length (10-7 m) 


6.47-7.0 
5.85-6.47 
5.75-5.85 
4.912-5.75 
4.24-4.912 
4.00-4.240 


14 Reflection of Light 


We now turn to the study of one of the first branches of physics 
which underwent substantial development during the 20th cen- 
tury. In the beginning it seems that there is little connection 
between light and the physics which we have studied so far, 
However, this impression, as we will see, is not tenable, Light 
has many things common with other branches of physics. 


Probably of all the human senses,the most important is sight. 
One of our most important contacts with the world around is 
therefore through light. Most of the knowledge about the world 


-is derived when light falls on our eyes and on optical instruments. 


Light is the most important tool available to mankind for the 
investigation of the macroscopic world—solar system, stars, 
glaxies etc., as well as the miroscopic world—atoms, molecules, 


etc. 


14.1 BASIC CONCEPTS 


Light is complicated in nature. To study it, we have to simplify 
its behaviour. Although light travels as a transverse wave and 
sometimes behaves as a particle, most of the simple observable 
Phenomena can be explained by assuming that light travels in 
straight lines. This approach is called geometrical optics (D. 14.3). 


D. 14.1 Light A form of energy or the agency that causes a 
Visual sensation when it falls on the retina of the eye. 

NOTES (i) The chemical effects produced on the photographic 
Plate, photosynthesis in plants, photoelectric effect (the ejection 
of electrons from some metals when light falls on them) are 
some effects which demonstrate that light is a form of energy. 

(ii) Light does not require a medium to travel. 
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(iii) Light forms a narrow section of the electromagnetic 
spectrum. The wavelength of the visible portion of the spectrum 
is 7X 1077 m to 4x 1077 m. 

(iv) In vacuum, light has a velocity of 3x10? ms^!, In all 
other mediums its velocity is less than 3 х 108 ms", 


D. 14.2 Optics A branch of physics concerned with the study of 
light, its production, propagation, measurement and properties. 


D. 14.3 Geometrical Optics A branch of optics where some 
of the observable effects of light are explained on the assumption 
that light travels in straight lines. 


NOTE In geometrical optics mainly reflection (14.2) and 
refraction (D. 16.3) are discussed. 


`D. 14.4 Ray of Light A simple representation of the straight 
line path of light. 
PICTORIAL REPRESENTATION А straight line with an arrowhead 
at its mid-point indicating the direction of propagation of light, 
Fig. 14.1. 


D. 14.5 Beam of Light A collection of light rays. 

EXAMPLES See Fig. 14.2. 

PICTORIAL REPRESENTATION More than one straight line with 
arrowheads at their mid points indicating the direction of 
propagation. 

TYPES OF BEAMS OF LIGHT 

(i) Parallel beam of light A beam of light in which rays of 
light are parallel to each other, Fig. 14.2(a). 

(ii) Divergent beam of light A beam of light їп which rays 
of light are travelling away from a point, Fig. 14.2(b). 

(iii) Convergent beam of light A beam of light in which rays 
of light are travelling towards a point, Fig. 14.2(c). 

(iv) Pencil of light A narrow beam of light. 


D. 14.6 Optical Medium (or, simply, Medium) А substance 
through which light can travel. 

TYPE OF MEDIUMS 

(i) Opaque medium A substance which does not allow light 
falling on it to pass through. 

EXAMPLES Metals, wood, concrete. 

(ii) Translucent medium A substance which allows only a 
part of the light falling on it to pass through, but through which 
one cannot see. 

EXAMPLES Oil paper, ground glass, some types of plastic 


sheets. 
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FIG. 14.1 А ray of light. The light 
travels in the direction of the arrow. 


FIG. 14.2 A beam of light is a 
collection of light rays. 
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———— 
(a) Regular 


(b) Irregular 


FIG. 14.3 Two types of reflecting 
surfaces. 


Incident ray |= PM 
IE 
Iz 
| 
(а) Reflecting surface 
Angle of Angle of 
incidence reflection 


| 
| 
| 
| 


(b) 

FIG. 14.4 The incident ray is the 
light ray travelling towards the reflect- 
ing surface and the reflected ray goes 
away from the reflecting surface, 


REVISION IN PHYSICS 


(iii) Transparent medium A substance which allows а major 
Portion of light falling on it tc pass through. 

EXAMPLES Most of the glasses, almost all the gases, colour- 
less liquids, etc. 

NOTES (i) In nature there is no material substance through 
Which all the light incident on it can pass (such a substance 
would be invisible to the eye since it would not reflect any light.) 

(ii) The nature of a substance (opaque, translucent or trans- 
parent) depends on the wavelength of light. A substance may 
be transparent for light of a particular wavelength and opaque 
for light of other wavelengths. 


D. 14.7 Luminuous Body A body which emits light of its own. 
EXAMPLES Stars, sun, burning fuel, electric bulb, some of the 
living creatures like glowworm or fire fly. 


D. 14.8 Nonluminous Body A body which does not emit its 
own light, 

EXAMPLES All solids, liquids and gases at room temperature. 

NOTE Nonluminous bodies can only be seen in the presence 
of a luminous body. Light from a luminous body first falls on 
a nonluminous body. When the reflected light (D. 14.9) from the 
nonluminous body enters our eyes, only then do we become 
aware of the presence of the nonluminous body. 


14.2 PHENOMENON OF REFLECTION 


Reflection is one of the most important natural phenomena. 
The human eye will be more or less useless. without the pheno- 
menon of reflection, which enables us to see the multitude of 
nonluminous objects around us. 


D. 14.9 Reflection The phenomenon in which some or all of 
the light which falls on a surface is thrown back by the surface. 


D. 14.10 Reflecting Surface A surface of a body which is capable 
of throwing back most of the light which falls upon it. 

NOTES (i) All surfaces, which do not appear black in colour, 
Teflect some of the light which falls upon them. Black surfaces 
appear to be black in colour because they reflect none of the 
light falling upon them. 

(ii) In physics, the surfaces which are considered to be useful 
reflecting Surfaces are those which throw back most or all of the 
light falling upon them. Here, we shalluse the term "reflecting 
surface’ to mean this, 

TYPES OF REFLECTING SURFACES There are two basic types of 
reflecting surfaces, 
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(i) Regular reflecting surface Опе which is smooth or even- 
textured, Fig. 14.3(a). 

EXAMPLES Mirror, unsilvered glass, smooth metallic surface. 

(ii) Irregular reflecting surface Опе which is not smooth, 
Fig. 14.3(b). 

EXAMPLE Ап uneven surface. 


NOTE If we wish to see a surface, then it must bean irregular 
reflecting surface otherwise we will only see the image of the 
object and not the surface. The surface will be seen only when 
reflection from the surface is diffused. An unpolished glass 
surface can be seen in sunlight but in polished glass, the image 
of the sun will be visible. 


D. 14.11 Incident Ray A ray of light travelling towards and fall- 
ing upon a reflecting surface, Fig. 14.4. 


D. 14.12 Point of Incidence A point on the reflecting surface 
where the incident ray meets the reflecting surface, Fig. 14.4. 


D. 14.13 Reflected Вау A ray of light travelling away from a 
reflecting surface after reflection, in the same medium which 
contains the incident ray, Fig. 14.4. 


D. 14.14 Normal to the Reflecting Surface (or, simply, Normal) 
The straight line perpendicular to the reflecting surface at the 
point of incidence, Fig. 14.4, 


D. 14.15 Angleof Incidence А measure of the direction of the 
incident ray with Tespect to the reflecting surface. 

WRITTEN REPRESENTATION Ї, 6 

SPECIFICATION The angle between incident ray and the 
normal at the point of incidence. Measured in degrees (^), 
minutes (’) and seconds (") of an arc. 


D. 14.16 Angle of Reflection A measure of the direction of the 
reflected ray with respect to the reflecting surface, 

WRITTEN REPRESENTATION Р, 0; 

SPECIFICATION The angle between reflected ray and the normal 
at the point of incidence. Measured in degrees (^), minutes (') 
and seconds (^) of an arc. 

LAWS OF REFLECTION The incident and reflected rays obey 
certain laws. These laws are simple and are always obeyed 
irrespective of the nature of the surface. 


Law 16: First LAW ОЕ REFLECTION 
The incident ray, the reflected ray and the normal to the reflect- 
ing surface at the point of incidence all lie in the same plane. 
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FIG. 14.5 Laws of reflection. The 
angle of reflection always equals the 
angle of incidence. 


FIG. 14.6 Verification of law of 
reflection. Place a mirror on a big 
white paper. (a) Put two pins №, N’ 
on the white paper such that when the 
eye is placed behind NN’, these pins 
and their images are in one line. Draw 
а line joining NN’ meeting the mirror 
at point О. Line ONN’ is the normal 
to the mirror, (b) Draw a line РОО 
atan angle of 40? to the normal. Place 
two pins P, Q on this line, See the 
image of pins P, Q and place two pins 
such that the images of P, Q and pins 
A, B are in one line. Measure angles 
PON and NOB. Show that ZPON = 
Z NOB. 
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(a) 


(b) 

FIG. 14.7 (a) Regular and (b) diff- 
use reflection. In regular reflection 
the reflected beam remains a parallel 
beam while in diffuse reflection it does 
not remain so. 


(a) 


Reflecting surface 


(b) 

FIG. 14.8 Pictorial representation 
of a mirror. The side with fine oblique 
lines does not permit light to pass 
through. 


REVISION IN PHYSICS 


Law 17: SECOND LAW or REFLECTION 
The angle of incidence is equal to the angle of reflection. 
MATHEMATICAL EXPRESSION 
r—i (Е. 14.1) 


D. 14.17 Regular Reflection The reflection occurring at a regular 
surface. ; 

EXAMPLE See Fig. 14.7(a). 

NOTE When a beam of parallel rays falls оп a regular 
surface, the angle of incidence isthe same for every ray. The 
angle of reflection is, therefore, also the same for every ray. The 
reflected beam will consist of parallel rays. 


D. 14.18 Diffuse Reflection The reflection occurring at an 
irregular surface. 

EXAMPLE See Fig. 14.7(b). 

NOTES (i) For a parallel beam of light, the angle of incidence 
is not the same for every incident ray because of the irregula- 
tities in the reflecting surface. The reflected beam, therefore, 
docs not remain a parallel beam of light. 

(ii) This type of reflection is difficult to study. 

(iii) The laws of reflection are always valid no matter what 
happens. 

(iv) Diffuse reflection is more important than regular reflection 
in day to day life. See note after irregular reflecting surface, 
D. 14.10. 


14.3 PLANE MIRROR AND ITS APPLICATIONS 


D. 14.19 Mirror A regular surface which can efficiently reflect 
most of the light falling on it. 

EXAMPLES Looking glass, viewing glass, etc. 

PICTORIAL REPRESENTATION A mirror is pictorially represented 
by a thick line marked with fine oblique lines on the side which 
does not allow light to pass through, Fig. 14.8, 

NoTEs (i) Mirrors are usually produced by polishing a metallic 
surface or by depositing a layer of ‘shining metal’ on the back 
of a regular glass plate. 

(ii) Mirrors can have various shapes, sizes and curvatures 
[e.g. plane mirrors (D. 14.20), spherical mirrors (D. 15.1), para- 
boloidal mirrors (D. 15.4), distorting mirrors (seen very often in 
fairs) etc.] 

(iii) An ordinary looking glass reflects about 90% of the light 
incident on it. Mirrors specially prepared by depositing a fine 
film of silver over a metal surface reflect approximately 9975 
of the light incident on them. 


REFLECTION OF LIGHT 213 


D. 14.20 Plane Mirror A mirror whose reflecting surface lies in 


one plane; a flat mirror. Reflecting surface 
EXAMPLES The mirrors used at home for shaving, dressing, 

makeup etc. 
PICTORIAL REPRESENTATION See Fig. 14.9, Red paint 


Е 4 (a) Plane mirror 
D. 14.21 Object The physical ог geometrical point or set of 
points from which light is taken to be incident on the mirror. ? 7 77; 7777 
EXAMPLES See Fig. 14.10. (b) Pictorial representation 
PICTORIAL REPRESENTATION By a point or a solid line, FIG. 14.9 Plane mirror. The re- 
flecting surface lies in a plane. The 
D. 14.22]1mage The point or set of points at which the reflected reflecting material is coated on the 
rays from a mirror actually meet or seem to meet, other side of the surface and red paint 
EXAMPLES See Fig. 14.11. 3 is applied over it to prevent damage 
PICTORIAL REPRESENTATION By a point or a dotted line. toj the zenecting растае. 
TYPES OFIMAGES There are two types of images. 


(i) Real image The point or set of points at which the 
reflected rays actually converge or meet. It can be obtained on a 
screen and can also bé seen. 

(ii) Virtual image The point or set of points from which 
reflected rays appear to diverge. It cannot be obtained on a 
Screen but can be seen. 


NOTES (i) Normaily the image formed by the plane mirror is 
virtual because the incident beam of light is divergent. 

(ii) А real image is always formed in front of the mirror and 
the virtual image is always formed behind the mirror, where a 
Screen cannot be placed. 

(iii) A plane mirror forms a real image when a convergent 
beam of light falls on it. See Fig. 14.11(b). 


Point object 


rat Real object Real image 


` 


77777777777 


Object of 
finite size 


ш 


FIG. 14.12 Locating an image by 


Virtual Virtual geometric construction. Place two pins 
77777777777/7 image object к 

А and В in line with image /. Place 
FIG. 14.10 (a) Object. The source (a) Virtual (b) Real two more pins C and D ina similar 
of incident light rays for a mirror. image image way at a different location, The point 
(b) An image is the point or set of of intersection of lines 4B and CD, 
points to which rays converge after FIG. 14.11 Formation of virtual which is behind the mirror, is the 

reflection and real image by a plane mirror. position of the image. 
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1А, CHARACTERISTICS OF AN IMAGE FORMED BY А PLANE MIRROR 
1 
R i (i) Construction of the image See Fig. 14.12. 
IN | (ii) Nature of image Virtual as it is behind the mirror and 
| N \ hence cannot be obtained on the screen. 
\ SS | Gii) Position of image : Analytical method See Fig. 14.13. 
| МАВ 


(а) ZSBN = / NBR = і Law of reflection 

(b) /МВТ= ZNBR=i 

(с) LABS = ZABN-— / SBN = 90° —i 
LABI = / ABN,— ZN,BI = 90°— i, or 


Q 


LABS = 2 ABI (E.14.2) 
5 м x (d) ZASB= /SBN=i, ZAIB = / МВ =i, or 
iti i LASB = Z AIB (E.14.3) 
.14.13 Position of . Th 
up ipee fid Behind "die uror as) ЛАВГ= AASB, E.14.2, E.14.3 and 4B common. 
the object is in front of the mirror. Hence, AS = AI (E.14.4) 
Nes LIAB = Z BAS = 180°— / AIB— / ABI 
o 57 = 180° —1—(90°— i) = 90° (Е.14.5) 
M М OP- ор The image is as far behind the mirror as the object is in front 
\ \ of it (E.14.4). The line joining the object and image meets the 
NON mirror at right angles (E.14.5). 
NM 


(iv) Size of image Same size as that of object. See Fig. 14.14. 
(v) Lateral inversion See Fig. 14.15. 


о p 
Object 


FIG. 14.14 Size of image. The 
image formed by a plane ‘mirror is 
erect and is of the same size and 
shape as the object. 


Appears as 
right hand 


Left hand 


. Fig. 14.15 Lateral inversion. The left and right of the object are 
Interchanged in the image. 


ROTATION OF PLANE MIRROR If a mirror is rotated by an angle 
æ, thereflected ray is rotated by 2«. See Fig. 14.16. 


Derivation See Fig. 14.16(b). 
ZSON = ZNOR — i 


When mirror is rotated by an angle «, th normal rotates by an 
equal angle, or Z NON’ = «, 
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ZSON' = New angle of incidence = i+a =ï 
Z.N'OR' = New angle of reflection = іра r' 
ZNOR' = ZN'OR'+ LNON' = i4-2« 

ZROR' = Angle by which reflected ray rotates 


, a h 
= ZNOR'— / NOR = i4- 2a-i 
== 2a, 
MINIMUM SIZE OF A PLANE MIRROR REQUIRED TO SEE AN OBJECT 


The length of the mirror should be half of the length of the 


object to be seen. See Fig. 14.17. 
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FIG. 14.17 To be able to see your 
full height in the mirror, the mirror 


D should be half of your height. 


Original normal 
Shifted normal 
Original reflected beam 
Shifted reflected beam 


Fig. 14.16 When the mirror turns through о the reflected beam turns through 2« 


SOLVED EXAMPLES 


EXAMPLE 14.1 A ray of light falls ona plane 
mirror. Determine the angle of reflection if. the 
angle of incidence is (i) 0° (ii) 45" (iii) 90°. 


Solution According to the second law of 
reflection, the angle of reflection is always equal 
to the angle of incidence. 

(i) Since = 0, ғ = 0°. This is known as 
normal incidence. The incident ray retraces its 
Own path after reflection. 

(i) Here i = 45°, r will also be 45 . 

(iii) Since i = 90°, г = 90 . This is known as 
Srazing incidence. The incident light remains 
undeviated. 


Answer The angles of reflection for the three 
cases are 0^, 45° and 90°, respectively. 

ExaMPLE 14.2 A candle 5 cm longis placed 
10 cm away from a plane mirror. Determine the 
position and size of the image. 

Solution The image in the plane mirror is 
formed as far behind, as the object is in front of 
the mirror. Further, the image is of the same 
size. The image will, therefore, be 5 cm long. It 
will be 10 cm behind the mirror. The line join- 
ing the image and object will make an angle 
of 90 with the mirror. 

Answer The image is 10 cm behind the 
mirror and is 5 cm long. 
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ExAMPLE 14.3 A person 1.6 m tall wants to 
see his full image in a plane mirror. What 
should be the minimum height of the plane 
mirror? Does the distance of the person from 


mirror affect the answer? і 
"psu The minimum height of the plane 


i of the person's height. 
us ысы кшш of the mirror should 
be 1.6 m/2 = 0.8 m. The distance of the person 
from the mirror does not change the answer. 
Answer The minimum height of the mirror 
should be 0.8 m which is independent of the 
person's position in front of the mirror. 


ExAMPLE 14.4 A plane mirror is mounted on 
the back ofa truck. The truck is moving with a 
speed of 5 ms~'. How fast will the image of a 
man standing on the road behind the truck 
appear to move (i) with respect to the mirror 
and (ii) with respect to the man? 
Solution In a plane mirror the image is as 
much behind the mirror as the Object is in front 
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of it. If the object moves a distance y away 
from the mirror the image will also move by an 
equal amount away from the mirror. In the 
present problem, the truck is moving at the rate 
of 5 ms! away from the man. Thus his image 
will also move at the rate of 5 ms"! away from 
the mirror. 


(i) The speed with which the image of the 
man appears to move with respect to mirror = 5 
ms;!, 

(ii) The change in the distance between the 
man and his image per second = ch)?4.3y of 
distance between man and mirror реў - 
+change of distance between mirror an 14-паре 
рег second = 5 т--5 т = 10 m. 

Speed of the image with respect to the man 
— change in distance between the man and his 
image per second = 10 ms™!, 

Answer The image of the man will move 
ata speed of (i) 5 ms"! with respect to the 

mirror, and (ii) 10 ms! with respect to the man. 


PROBLEMS 


141 1f the angle of reflection is (i) 10°, (ii) 40° 
(iii) 0*, what will be the en па tem 
14.2 The image of an Object is 10 cm behind the 
mirror. How far is the object from the mirror? 
14.3 The length of the image formed by a plane 
mirror is 4 cm. What is the length of the Object? 
14.4 A person standing 20cm in front 


j of a plane 
mirror moves 5 cm towards the mirror, In 
which direction will his image move and why? 


By how much will his image move? 

14.5 When you stand before a mirror of height 0.6 m, 
you are just able to see your full image. What is 
your height? 


14.6 An object approaches a plane mirror with a 
speed of 1 ms-'. How fast does the image 
approach the mirror? 


14.7 A mirror moves towards a tree with a speed of 


2 ms-!, What is the speed with which the image 
of the tree approaches the tree? 


14.8 The image of an Object appears to move away 


from the object with a speed of 8 ms-!. Deter- 
mine the speed with which the mirror is moving 
if the object is stationary. 


14.9 Determine the angle of rotation of a mirror if 


the reflected ray is rotated by 40°. 
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15 Reflection at Curved 
Surfaces 


Now we will turn to the study of another kind of mirrors— 
curved mirrors. These are completely different in action as com- 
pared to the plane mirrors, although the laws of reflection are 
valid for these mirrors as well. The difference in behaviour arises 
due to the fact that normals at two adjacent points on the curved 
mirror are not parallel. Curved mirrors have a large number of 
scientific and practical applications—in telescopes, torches, search 
lights, shaving and rear-view mirrors, and in medical sciences. 


15.1 TYPES OF CURVED MIRRORS 


Many types of curved mirrors can be constructed. The two most 
important are the spherical and the paraboloid mirrors which 
have numerous applications in physics, technology, industry and 
daily life. 


D.15.1 Spherical Mirrors A curved mirror whose reflecting 
surface geometrically forms a portion of the surface of a hollow 
sphere. 

EXAMPLES Shaving mirrors, rear-view mirrors in vehicles, 
Fig. 15.2. 

PICTORIAL REPRESENTATION An arc of a circle with oblique 
lines, to indicate the non-reflecting surface, Fig. 15.1. 


LIMITATIONS These cannot produce a sharp image (0.15.14). with convex 


NOTE A spherical mirror may be either concave (D.15.2) or 
convex (D.15.3). 


D.15.2 Concave Mirror А spherical mirror which curves 
‘inward’ having a layer of reflecting material deposited on the 
‘outer’ surface of the geometrical sphere of which the mirror is 
à part. The inner surface acts as the reflecting surface. 


Sphere 
2-4. Le 
7 ^ 
7 / 
I I 
\ \ 
\ = 
SS oh NOES 


Reflecting surface 

(a) (b) 

FIG. 15.1 A spherical mirror is a 
part ofa hollow sphere. (a) Concave 
mirror—the inner surface of the 
sphere is the reflecting surface, 
(b) Convex mirror—the outer surface 
of the sphere is the refiecting surface, 


Field of view 
with plane 
mirror 


(a) 


Field ot 
view 


mirror —- 


(b) 
FIG. 15.2 Convex mirrors are used 


in vehicles because the field of view 
is much wider than in a plane mirror. 
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Parabola 


FIG. 15.3 A parabolic mirror is a 


part of a hollow paraboloid. It is 
usualy concave in application. 


FIG. 15.4 The pole is the central 
point of a curved mirror. 


Center of curvature 


@ ERA (5 кы 

FIG. 15.5 The centre of curvature 
of a spherical mirror is the centre of 
the generating sphere and the radius 
of curvature is the distance between 
the centre of curvature and the pole. 
This is equal to the radius of the 
generating sphere. 


—— 


= М. 


М. rd 


——— 


FIG. 15.6 The principal axis is ће 
line which joins the pole to the centre 


of curvature. It is usually marked as 
PA. 
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EXAMPLES Shaving mirrors, mirrors used by doctors and 
dentists. ; 


PICTORIAL REPRESENTATION See Fig. 15.1(a). 


D.15.3 Convex Mirror A spherical mirror which curves *out- 
ward' having a layer of reflecting material deposited on the 
‘inner’ surface of the geometrical sphere of which the mirror is 
a part. The outer surface acts as the reflecting surface. 

EXAMPLES Rear-view mirrors in vehicles, Fig. 15.2. 

PICTORIAL REPRESENTATION See Fig. 15.1(b). 

NOTE It is а common practice to deposit the reflecting mate- 
rial on that face of glass which does not receive the light itself. 
However, in many scientific applications it is the front surface 
which is coated with the reflecting material. 


D.15.4 Paraboloidal Mirror A curved mirror whose 
surface geometrically forms a portion of the sur 
paraboloid. 

EXAMPLES Reflectors in search | 
electric heaters. 


PICTORIAL REPRESENTATION А section of a parabola with 
oblique lines to indicate the non-reflecting surface, Fig. 15.3. 


NOTE А paraboloidal mirror focuses an incident beam of light 
much more sharply than a Spherical mirror, 


reflecting 
face of a hollow 


ights, torches, car head lights, 


15.2 CHARACTERISTICS OF SPHERICAL MIRRORS 


Among curved mirrors, spherical mirrors are the easiest to under- 
stand and use. Several new concepts are involved in the study of 
the characteristics of spherical mirrors. Similar concepts are used 
in the study of paraboloidal and other curved mirrors. 


D.15.5 Pole The centre of the spherical mirror. 


PICTORIAL REPRESENTATION A point marked at the centre of 
the mirror; labelled as O. See Fig. 15.4, 


D.15.6 Centre of Curvature The geometrical centre of the sphere 
of which the mirror is a part. 


PICTORIAL REPRESENTATION A point marked ona diagram, 
which can be used as a centre for drawing the arc representing 
the mirrors; labelled as C. See Fig, 15,5, 

NOTE The centre of curvature of a plane mirror is at infinity. 
D.15.7 Principal Axis T 
the centre of curvature, 

PICTORIAL REPRESENTATION 
pole of the mirror to the ceni 
beyond; usually marked PA. $, 


he straight line joining the pole with 


A straight line drawn from the 


tre Of curvature and extended 
ее Fig. 15.6, 
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D.15.8 Focal Point (or, simply, Focus) The pointat which all 
the rays, which are parallel to the principal axis during inci- 
dence, physically or geometrically converge after reflection by a 
mirror. See Fig. 15.7. 

PICTORIAL REPRESENTATION А point marked on the principal 
axis indicating the position of the focus; labelled F. 

NOTES (i) The focal point is the image of the object at infinity. 

(ii) In a concave mirror, the focal point can be obtained on 
the screen (real point) as it is in front of the mirror. 

(iii) In a convex mirror, the focal point cannot be obtained on 
the screen (virtual point) as it is behind the mirror where the 
screen cannot receive any light. 

(iv) The focus lies midway between the centre of curvature 
and the pole. See E. 15.1. 

(v) In common usage, the word focus is used in another sense 
as well. When a sharp image of the object is obtained on. the 
screen we say that the image is in focus. 


D.15.9 Focal Length Fig. 15.7. 

TYPE OF QUANTITY Scalar, with a sign (D.15.17). 

WRITTEN REPRESENTATION f 

SPECIFICATION The distance between the pole and the focus 
of a mirror. Measured in metre (m). 

NOTE By convention, focal length of a concave mirror is 
negative and that of a convex mirror is positive. 


D.15.10 Radius of Curvature Fig. 15.5. 

TYPE OF QUANTITY Scalar, with a sign (D.15.17). 

WRITTEN REPRESENTATION R 

SPECIFICATION The distance between the pole and the centre 
of curvature of a mirror. Measured in metre (m). 

NOTES (i) The radius of curvature of a plane mirror is infinite. 

(ii) By convention, radius of curvature of a concave mirror is 
negative and that of a convex mirror is positive. 

RELATION BETWEEN FOCAL LENGTH AND RADIUS OF CURVATURE 


TABLE 15.1 Relation between f and R. 


For concave mirror For convex mirror 


1. ZABC = ZCBF {АВЕ = ZEBD Law of 


reflection 


219 


12 


(a) Concave ky = 


(b) Convex 

FIG. 15.7 The focus is a point 
where parallel rays after reflection 
from a curved mirror will converge 
or appear to converge. (a) In a concave 
mirror it is a real point. (b) In a 
convex mirror it is a virtual point. 
The focal length is the distance bet- 
ween the focus and the pole, 
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Paraxial rays 
Marginal rays 


FIG. 15.8 Aperture, paraxial and 
marginal rays. 


mirror 


Spherical; 


S 
E 
E 
29 
E 
о 
E 
2. 


(b) 

FIG, 15.9 Spherical abberation. It 
arises because the focal length of the 
paraxial and marginal rays are differ- 
епі, A parabolic mirror does not have 
this error. 
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2. (АВС = / ВСЕ 2 АВЕ = / CBA' Opposite 
Alternate angles angles 
= ZBCF Alternate 
angles 
3. ZEBD = / СВЕ Opposite 
angles 
4. From steps 1 and 2 From steps 1, 2 and 3 
ZBCF= / CBF {ВСЕ = / CBF 
5. Ina triangle, sides opposite to the equal angles are equal. 
FC = ВЕ FC = BF 
6. If R is small and B is not far away from the pole. 
ВЕ = ОЕ ВЕ = ОЕ 
7. From steps 5 and 6 
R = 0C = OF+FC = 20F = 2f. (E.15.1) 


D.15.11 Aperture The width CB (Fig. 15.8) of the curved 


mirror or the part of a mirror through which light is allowed to 
reflect, 


0.15.12 Paraxial Rays The rays which are close to the 


principal axis. For these rays, the angle of incidence is small, 
Fig. 15.8. 


D.15.13 Marginal Rays The rays which are away from the 


principal axis. For these Tays, the angle of incidence is large, 
Fig. 15.8. 


D.15.14 Spherical Aberration The phenomenon in which all 
the parallel incident rays of t 
from the spherical mirror do 
15.9(a). 

NOTES (i) The focus is then no long: 

(ii) A beam of light originating from an Object placed at the 
focus of a spherical mirror, after reflection from the spherical 
mirror, will not become a parallel beam of light because of the 
spherical aberration. 

(iii) In parabolic mirrors there is no s 
Fig 15.9(b). Hence in all the Scientific app 
images are required, a parabo 


he same colour after reflection 
Not pass through the focus, Fig. 


er a point but a small region. 


pherical aberration, 


lications where sharp 
lic mirror is used. 


15.3 WORKING PRINCIPLES 


The concepts апа the information provided by the preceding 
sections are all used when working with spherical mirrors either 
theoretically or experimentally. They have to be supplemented 
with the followine principles and additional concepts. 
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D.15.15 Object Distance А measure of the position of the 
object with respect to a mirror. 

TYPE OF QUANTITY Scalar, with a sign. 

WRITTEN REPRESENTATION 

SPECIFICATION The distance of the base of the object on the 
principal axis from the pole of a mirror. Measured in metre ( m), 
Fig.15.10. 


D.15.16 Image Distance А measure of the position of the im- 
age with respect to the mirror. 

TYPE OF QUANTITY Scalar, with a sign. 
(sWRITTEN REPRESENTATION 2 

SPECIFICATION The distance from the base of the image on 
the principal axis to the pole of a mirror. Measured in metre 
(m), Fig. 15.10. 

CONSTRUCTION OF THE IMAGE See Fig. 15.11. 
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FIG. 15.10 The object distance и, 
and the image distance v. In a concave 
mirror, for a real image, both are 
negative while fora virtual image, и 
is negative and v positive. For a con- 
vex mirror и is negative and v positive. 


Concave mirror Convex mirror 


Ж 


\ 
\ 


Е 


(а) Ray 1: Ап incident ray parallel to the principal axis passes through the focus after reflection (property of 


focus). 


(b) Ray 2 : An incident ray pa 


(c) Ray 3 : An incident ray passing througl 
гау, the incident angle is zero as the line 4 


ssing through the focus will travel parallel to the principal axis after reflection. 


h the centre of curvature will retrace its path after reflection. For this 
B is normal to the spherical surface. 


AN 
EM. 
F С 
(9) 


FIG. 15.11 The three special rays used in determining geometrically the position of the image, 
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Positive 
distances 
CAM 


Direction of 
————— 


incident light 


———— 
Negative 
distances 


FIG. 15.12 Sign convention. If the 
object is always placed to the left of 
the mirror and the pole is taken as 
the origin of the coordinate system, 
then the sign convention of Table 15.2 
is the same as the new coordinate sign 
convention. 


TABLE 15.2 The sign convention. 


(i) All the distances are 
measured from the pole 
of the mirror. 

(ii) Distances measured in the 
direction of the incident 
light ray are positive. 

(iii) Distances measured in the 
direction opposite to the 
incident ray direction are 
negative. 

(iv) Distances measured above 
the principal axis are 
Positive, 

(v) Distances measured below 
the principal axis are 
negative. 
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DISTINCTION BETWEEN PLANE, CONCAVE AND CONVEX MIRRORS 
Take a needle and bring it towards the given mirror froma large ` 
distance. Note the change in the size of the image. The following 
cases arise. 

Case I The size of the image remains the same as that of the 
needle whatever may be the position of the needle. The mirror 
is plane. 

Case П The size of the image is always less than that of the 
needle no matter what the position of the needle. The mirror is 
convex. 

Case III The size of the image depends on the position of 
the needle. It is smaller, bigger, and sometimes equal to the needle 
size depending upon the needle distance. The mirror is concave. 


D.15.17 Sign Convention A convention for specifying various 
distances from the mirror surfaces involved in the quantitative 
study of reflection from the spherical mirror. See Fig. 15.12 and 
Table 15.2. 

NOTE There is another convention still used by several 
authors. In this convention all the real image distances are posi- 


tive and all the virtual image distances are negative. The object 
distance is always positive. 


D.15.18 Mirror Formula A rel 
distance and image distance 
image formation. 


ation between focal length, object 
used in the quantitative study of 


DERIVATION See Fig. 15.13, 


For concave mirror For convex mirror 
A 


A BS~BO=—u 
B'SeB'O-v 
FSero-f 


BSeBO-—u 

B'SeB'o-—: 

FS=FO=~f 
Fig. 15.13 Diagram for d 
close to the principal axis, S 
can be taken as the pole. 


(a) (b) 


erivation of mirror formula. As AR is 
will also be very close to О. Therefore 5 


1. ДАВР is similar to ДЕЎ, 


AB _ BF 
SNO SE. 


AABC is similar to AA'B'C. 


AB 


FG (7.15.2) 
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2. AA'B'Fis similar to ARSF. 


AB ВЕ 
RS SF 
3. RS — AB ...(а) 
S'N = A'B' EX) 
4. Combine E.15.4(a) and 
E.15.3. 
A' B' B'F 
Pee RA 


Combine E.15.4 (b) and 
E.15.2. 
AB _ BF 
WB SF 
5. Combine E.15.5(a) and 
E.15.5(b). 


S'FXSF— BFXB'F 


(b) 


6. Substitute the various values. 


Р = (—и+/)(—+/) 


7. Simplify. 
uv = uf+of 
8. Divide E.15.7 by wvf. 
1 1 1 
rary 


AA'B’ Fis similar to ARSF. 


A'B' B'F 
URS SF (E.15.3) 
RS — AB (E.15.4) 


Combine E.15.4 and E.15.3. 


А'В' _ ВЕ 
M S (E.15.5) 


Combine E.15.5 and E.15.2. 


B'CX SF = BCXB'F 
(E.15.6) 


(+2f-») (+7) 
= CE2f-u) (+f-») 


uv = uf-+of (E.15.7) 


1 1 1 
T m CAE (E.15.8) 


D.15.19 Linear Magnification (or, simply, Magnification) А 
measure of the relative size of the image and object. 
TYPE OF QUANTITY Scalar with a sign. 


WRITTEN REPRESENTATION т 


SPECIFICATION The ratio of the height of the image to the 


height of the object. No units. 


MATHEMATICAL EXPRESSION As per specification 


.. _height of image _ hi 
m = height of object ho 


Derivation See Fig. 15.14. 


AA'B'F is similar to ARSF. Therefore 


A'B' 


ABE = AB 
A CB 


RS 


m=, using E.15.8 
u 


FB' 


ЕВ Eo 
FS , т= f 


(E.15.10) 


(E.15.11) 


(Е.15.9) 
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FIG. 15.14 Magnification 
ratio of image height to object height, 
m=h;lho 


is the 
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TABLE 15.3 The object-image relationship for spherical mirrors. 


du Position of Nature of Comparative Example of 
Р p of : image image size of image application 
CONCAVE MIRROR + 
ever At focus Real, Almosta Reflecting 
ine У inverted point astronomical 
distance telescope 
Beyond C Between Real, Smaller Reflecting 
Fand C inverted — (m < 1) terrestrial 
telescope 
\ 
АС E At C Real, Samesize Mirror ina 
inverted (т = 1) projector 
П 
! 
! 
Between F Beyond C Real, Larger Flood light , 
and C inverted (т> 1) projector, by 
doctors in 
examining ear 
and throat 
At F At infinity — — Torch , 
search-light , 
head lamp of 
automobiles 
Between zd Behind the Virtual, Large (m is Shaving 
pole and F T mirror Upright ^ negative mirror 
[m| 1) 
CONVEX MIRROR 
Anywhere Behind the Virtual, Smaller Rear view 
mirror erect mirrors in 
vehicles, 
Observation 
mirrors in 
Stores (field 
of view is 
large and 
image is 


always upright) 
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notes (i) For real images т is positive and for virtual images 


it is negative. 


(ii) m — 0 when image is formed at the focus, 


(iii) For convex mirror m is either zero or negative. For con- 
cave mirror it can have any value, positive, negative or zero. 


SOLVED EXAMPLES 


ExaMPLE 15.1 What will be the focal length of 
a concave mirror of radius of curvature 0.6 m? 


Solution = — 0.6 m. Negative sign shows 
that the mirror is concave. 
R 0.6m 
EVO Or DU = – 0.3 т. 


Answer Тһе focal length of the concave 
mirror is 0.3 m. 

(Alternative way of writing answer : The focal 
length of the mirror is —0.3 m. Here the nega- 
tive sign will imply that the mirror is concave.) 


EXAMPLE 15.2 An object is placed 20 cm away 
from a concave mirror. If the image is (i) 10 cm 
in front of the mirror, and (ii) 10 cm behind 
the mirror, determine the object and image 
distance in each case. 


Direction of 
incident 
ray 


< — -10cm— 
FIG. 15.15 Example 15.2. 


Solution We will place the object on the 
left of the mirror because we want our sign con- 
vention to be the same as the coordinate con- 
vention. All the distances are to be measured 
from the pole O. Since the incident rays travel 
from the left to the right all the distances to the 


right of the pole, along the positive x-axis, are 
positive. All the distances to the left of the pole, 
along the negative x-axis, are negative. 

(i) Here, the object and image are both along 
the negative x-axis. Hence, 

u = — 0.20 m and v — — 0.10 m. 

(ii) In this case, the object isalong the nega- 
tive x-axis and the image is along the positive 
x-axis. Hence. 

и = — 0.20 mand v = 0.10 m. 


Answer The object and image distances in 
the two cases are (i) —0.20 m, —0.10 m and 
(ii) — 0.20 m, 0.10 m. 


EXAMPLE 15.3 An object 0.05 m high and at 
right angles to the principal axis is placed at a 
distance of 0.3 m in front of a concave mirror 
of radius of curvature 0.4 m. Determine the 
position and height of the image. 

Graphical solution R= 0.4 m. Let the scale 
of Fig. 15.16 be 1 cm — 0.05 m. , 

(a) Drawa line PA. Take any point C as the 
centre of curvature. 

(b) Draw an arc M,M of radius 8 cm with C 
as centre. MM; is then the concave mirror. The 
point F, half way between C and O is the focus. 
PA is the principal axis. 

'(c) Draw a line SQ, 1 cm long, perpendicular 
to the principal axis at a distance of бст from 
О. This represents the object. 

(d) Draw a line QQ, parallel to the principal 
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П, =2 cm 
Ol = 


axis. This incident ray after reflection from the 
concave mirror must pass through the focus F., 
Hence the тау O,FI, is the reflected ray. 

(e) Draw a line ОО» passing through the focus 
F. This incident ray after reflection becomes 
parallel to the principal axis. Q21, is thus the 
other reflected ray. 

(f) Two reflected rays 0,1, and Q:l, meet at 
Jı. Drop a Perpendicular Л] from I on the 
Principal axis. /7, is the image of the object SQ. 

In Fig. 15.16, size of image — Il, = 2 cm. 

Actual size of the image — 2X005 m= 
0.1 m. 

In Fig. 15.16, distance of the 
concave mirror = ОГ = 12 cm. 

Actual distance of the image from concave 
mirror = 12x 0.05 m = 0.6 m. 

Since the image is in front of the mirror, it is 
real. 

Analytic method 


image from 


u = —0.3 m (—sign as the Object is to the 
left of mirror) 


fe -2 = —0.2 m (fof concave mirrcr 


is negative) 
From mirror formula 
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FIG. 15.16 Example 15.3. 


—0.1 
0.3x0.2m 
—0.6 m (—sign means image is to 
the left of mirror, i.e, 
itis a real image) 


v= 


Д ; v —0.6 m 
Magnifi t Aem. 
Bnification y ©6311 


Height of the image — magnification Xheight of 
the object — 2 x0.05 m = 0.1 m. 


Answer An inverted image of size 0.1 m is 


formed at а distance of 0.6 m in front of the 
concave mirror. 


measurements, 


EXAMPLE 15,4 А needle 0.03 m long is placed 
in front of a concave 
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(b) A ray О0О! parallel to the principal axis 
after reflection passes through the focus F. The 
reflected ray is Q,FS}. 

These two reflected rays do not meet anywhere 
on the left of the mirror. However, on produc- 
ing backward they meet at J;. The perpendicular 
II, to the principal axis is the image. 

In the figure, I7, = 2 cm. 

Actual size of the virtual image = 2 <0.03 cm 
= 0.06 m. 

In the figure, OI — 4 cm. 

Actual distance of the image from the concave 
mirror = 4»:0.03 т = 0.12 m. 

Since the rays do not pass through the image 
it is virtual (image is behind the mirror). 

Analytic method u= —0.06 m aud f= — 
0.12 m. From the mirror formula, 
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FIG. 15.17 Example 15.4. 


[ii dme à ee 0.06 
—0.2m  0.06m 0.12x0.06m 


or, v = 0.12 m (+sign indicates that the image 
is behind the mirror) 


сл See Vig mOsm Е 
Magnification = a aT 2 


Height of the image = magnification x height 
of the needle 
= 20.03 m = 0.06 m. 


Answer The size of the virtual image is 
0.06 m. It is formed behind the mirror at a 
distance of 0.12 m from the pole. 


ExAMPLE 15.5 An object of length 0.2 m is 
placed in front of a convex mirror of focal length 
0.3 m at a distance of 0.6 m. Determine the 
position of the image and its magnification. 
Graphical solution Let the scale of Fig. 15.18 
be 1 cm — 0.1 m. Fig. 15.18 is obtained follow- 


FIG. 15.18 Example 15.5. 
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ing Example 15.3. In this case the two reflected 
rays are obtained as follows. 

(а) ОО» which remains unbent as it passes 
through the centre of curvature. 

(b) ОО, which is parallel to the principal axis. 
This ray after reflection would pass through the 
focus. Hence 0151 is the reflected ray. 

These two reflected rays do not meet on the 
left of the mirror. However, they meet behind 
the mirror at Д. 7,7, perpendicular to {һе princi- 
pal axis, is the image of the object SQ. Since 
the image is formed behind the mirror, ie. the 
rays do not actually pass through it, it is virtual. 
In Fig. 15.18, 17, = 0.6 cm. Hence the actual 
height of the image = 0.6 <0.1 m = 0.06 m. 
height of image 
height of object 

0.06 m 
DUO Eus 
In Fig. 15.18 OI — 2 cm. Hence the distance of 
the image from the mirror — 2 X0.1 m = 0.2 m. 
1 1 1 1 1 


Magnification — 


г vA Lm 03 m *(.6 m 
or, ¢=0.2 m. 
ification => = 02m _ _ 
Magnification = а Е 03: 


Answer ` The image is virtual, formed at a 
distance of 0.2 m behind the convex mirror, 
Magnification is 0.33. 

Suggestion Attempt graphical solutions of 
Examples 15.3, 15.4 and 15.5 with two other 
rays. 

NOTE The difference in the value of the 
magnification by the two methods is because we 


cannot measure distances less than 0.1 cm by an 
ordinary scale, 


EXAMPLE 15:6 An Object of length 0.04 m is 
placed between the focus and the radius of 
curvature, in front of a concave mirror. Deter- 


mine the Magnification if the image length is 
0.06 m. 


Solution 


Since the mirror is concave and 
the object is 


placed between the focus and the 
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radius of curvature, the image is real. 


image length 


m — magnification — "object length 


= ~—— = 1.5 (positive sign as the image 
m is real) 


Answer The magnification is 1.5. 

ExaAMPLE 15.7 Determine the magnification 
when an image of an object 0.2 m away from 
the mirror is formed 0.4 m behind the mirror. 


Solution u= —0.2 m and v = 0.4 m 
т = == = SHm- —2 (negative sign indi- 


cates that the image 
is virtual) 


Answer The magnification is —2. 


EXAMPLE 15.8 A concave mirror is placed 1 m . 
away from a screen. Where should a bulb be 
placed so that its 2.5 times magnified image is 
obtained on the screen? 

Solution Since the image is obtained on the 
Screen, it is real. Let the Screen be placed to the 
left of the mirror. Then, m — 2.5 (as the image 


is real) and v = —1 m (—sign as the image is 
to the left of the mirror), u = ? 


m= — 295 or 
u 
= v = 
и 25 os = 04m 


Answer The bulb should be placed 0.4 т 
to the left of the mirror. 


EXAMPLE 15.9 Where should one place an 
object in front of a concave mirror in order to 


obtain an image of the same size. What will be 
the image distance? 
Solution  Accordin 


g to the question, image 
Size — object size. 


image size v 
ppm _ Ф| 
object size u 


or, 0 = ц, 
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from the mirror formula, 


dies Лета diss 
Fý ПЕРО и 
и = 27 = К 


Since the object distance is equal to the radius 
of curvature, the object is at the centre of curva- 
ture. Further аз v= u, the image distance is 
equal to the radius of curvature. 

Answer The object should be placed at the 
centre of curvature. The image distance is equal 
to the radius of curvature. 


EXAMPLE 15.10 When an object is placed 0.3 т 
in front of a convex mirror, the image obtained 
is half the size of the object. Determine the 
focal length of the convex mirror. 

Solution u= —0.3m and m= —0.5 (the 
image is virtual). 


т = E or v = mu = —0.3 тх(—0.5) 
u 


—015m. 
From mirror formula, 
1. | Up» divos re D 
7 = ann = 015 м 0.3m 


оу f=0.3 т. 


Answer The focal length of 
mirror is 0.3 m. 


the convex 


EXampLe 15.11 At what distance should a 


candle be placed in front of à concave ed 
of focal length 0.16 m such that the imag f 
(i) real (ii) virtual, and is four times the size o 
the object? 

Solution f= —0.16 т 
-mirror is concave). For real image Ч an 
of the same sign (negative), and т = 4. 


(— sign as the 
d v are 


йу 
m --—,.orr-4u. 
u 


From mirror formula 
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or, 4и = 57 
5f —5x0.16m 
u 4 4 —0.20 m. 


For virtual image u is negative and г is positive, 
ог, ә = — 4u. 


1 1 MIS AN SPI 3 
F; vUa 4и ги 4и 
ог, 4и = 3f 
3 —3x0.1 
ог, u= y = 232016 т = —0.12 m. 
Answer For real image the object should 


be placed 0.20 m in front of the concave mirror. 
For virtual image the object should be placed 
0.12 m in front of the concave mirror. 


ExAMPLE 15.12 A concave mirror produces 
an inverted image three times the size of the 
object. If the distance between image and object 
is 0.4 m, determine the focal length of the 
concave mirror, position of the object and that 
of the image. 

Solution Since the image is inverted, it is 
real. The object and the image both are on the 
same side of the concave mirror. m = 3, 
m = v[u or = 3 u, і.е. image will be more to 
the left of the concave mirror than the object. 
Let the distance of the object from the concave 
mirror = a. u = —a. 


v = —(a+0.4 m). 
But г = 3u, or 
—3a = —a—0.4 т, or a = 0.2 m 


Hence и = —0.2 т, and v = —0.6 m. 


From mirror formula, 
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Answer The focal length of the concave 
mirror is 0.15 m. The object and the image are 


0.2 m and 0.6 m respectively in front of the 
concave mirror. 


EXAMPLE 15.13 Suppose a person not know- 
ing physics approaches you to seek help. His 
problem is what kind of mirror he should 
purchase so that while shaving he should 
be able to see an erect image of his face of 
about twice the size. He wishes to keep his face 
0.6 m away from the mirror. What will be your 
advice about the nature of the mirror and its 
radius of curvature? 

Solution If you have read this chapter care- 
fully you must have noticed that a convex mirror 
can never produce an image larger than the size 
of the object. However, a concave mirror does 
produce an image larger than the object. There- 
fore, the spherical mirror must be concave. Here 

= —0.6 m, and m = 2. 

o= ти =2u= -1.2 m: 
From the lens formula, 
1 1 


1 1 1 
TIGER eee oie aaa 
E EE 
E 1.2m 
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or, f= —0.4 m. 
R=2f=-08m 


Answer You must tell the gentleman to buy 
a concave mirror of radius of curvature = 
0.8 m. 


EXAMPLE 15.14 A boy on a full moon night 
obtained an image of the moon ona screen at 
a distance of 185 cm in front of a concave 
mirror. The diameter of the image comes out to 
be 1.75 cm. He knew that the diameter of the 
moon is about 3500 km. Help him in finding out 


the distance of the moon from the surface of 
the earth. 


Solution Diameter of the image — 1.75 cm 
— 0.0175 m, diameter of the moon — 3500 km 


= 3.5 X 10$ m, and v = — 185 cm = —].85 m. 


20.0175 m wie JY 
OS Tsai T ШОЕ 
21 v Вот ANS 
ог, u= 5x103 = 5x103 37x10 m 


= 3.7 x 108 km. 


Answer The distance of the moon from the 
surface of the earth is 3.7 x108 km. 


PROBLEMS 


15.1 A convex mirror is constructed from a glass 
Sphere of radius 0.3 m. What is the radius of 
curvature and the focal length of the convex 
mirror? 

When a small light bulb is placed 0.2 m in front 
Of a concave mirror the reflected rays become 


parallel. Find out the focal length and the radius 
of curvature of the mirror, 


One of the requirements 
car headlight is that the lig) 


it should be parallel. Wh 
bulb in front of 


light, if the radius of c 


15.2 


15.3 of a search light or a 


ht rays coming out of 
ere should one place'a 


15.4 What kind of spherical mirror will produce an 
image of the sun, 50 cm from the mirror? 

15.5 The image of an Object placed 
à concave mirror is formed 
object. Determine the focal 
mirror. 

15.6 A pencil is placed in front of a concave mirror 
of focal length 10 cm. The position of the pencil 
is adjusted till an inverted image is obtained Over 

the pencil itself. How far is the pencil from the 
mirror? 

15.7 The inverted image of a lamp placed 40 cm in 
front of a concave mirror is obtained on a 
Screen at a distance of 1.2 т from the concave 


40 cm in front of 
at the position of the 
length of the concave, 
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mirror. Find the focal length of the concave 
mirror. Is the image real? 

15.8 Dentists and ENT (ear-nose-throat) specialists 
make use of а concave mirror in examining the 
diseased part. Suppose ап ENT surgeon has a 
concave mirror of radius of curvature 0.7 m. He 
places a lamp 0.6 m away from the mirror. How 
far should the inner part of the throat be from 
the mirror so that the doctor can see it clearly? 
(Hint: For best examination, the image of the 
lamp should be formed at the part to be 
examined, so that it is well lighted). 

15.9 An object is magnified two times by a mirror. 
Determine the magnification if the image is 
(i) real, (ii) virtual. 

15.10 What will be the magnification if an image is 
formed by (i) concave mirror, (ii) convex mirror, 
ifthe object is 1.6 cm high and the image is 
0.4 cm high? Is the image real? 

15.11 An object placed between focus and optical 
centre of a mirror produces ап image twice the 
size of the object. Determine the magnification. 

15.12 How far will a (i) real, (ii) virtual image of 
height 5 cm be formed if the object is of height 
2.5 cm and is placed 40 cm in front of a 
mirror? 


15.13 Find out the position of the image of an object 
0.6 m away from the mirror when the magni- 
fication is (i) 2, (ii) — 1/2. 

15.14 A candle of height 0.03 m is placed 0.15 m to 
the left of a concave mirror. Find the nature and 
size of the image formed if it is (i) 0.2 m to the 
left of the mirror, (ii) 0.2 m to the right of the 
mirror. 


15.15 How high is the object if its image, 0.02m 
high, is formed 0.6 m in front of the mirror? 
The object is 0.3m infront of the mirror. 

15.16 A pencil 2 cm high is placed in front of a 
mirror at a distance of 0.6 m. It is desired to 
Obtain an image 4 cm high on a screen placed 
in front of the mirror. What kind of spherical 
mirror should be used, and where should the 
Screen be placed? 
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15.17 Suppose we want to measure the height and the 
distance of a given building from a point. For 
this purpose we take a concave mirror of focal 
length 50 cm. Ап image of the building 2 cm 
high is obtained on a screen 50.5 cm away from 
the concave mirror. Determine the height and 
distance of the building from the mirror. 


15.18 A concave mirror produces an image half the 
size of the object ata distance of 90 cm from 
the mirror. Determine the position of the object 
and the focal length of the mirror. 


15.19 Where should one place an object іп front of a 
(i) concave, (ii) convex mirror of radius of 
curvature 80 cm such that the image is one 
quarter the size of the object? Also find the posi- 
tion of the image. 

15.20 Where should a man stand in front of a concave 
mirror of radius of curvature 1.6 m such that his 
(i) real, (ii) virtual image is twice his siz2? 


15.21 A candle is placed 0.3 m from a screen. Where 
should one place a concave mirror to obtain an 
image thrice the size of the candle on the screen? 
Also calculate the focal length of the concave 
mirror. 

15.22 An object 1 cm high perpendicular to the princi- 
pal axis is placed 30 cm away from a mirror of 
radius of curvature 40 cm. Determine graphically 
the position, nature and magnification of the 
image for (i) concave mirror, (ii) convex mirror. 

15.23 An object 10 cm high is placed in frontofa 
concave mirror of focal length 50 cm. The object 
is perpendicular to the principal axis and is at a 
distance of 1.5 m from the mirror. Draw a neat 
diagram and find out the position and height of 
the image. 

15.24 The image of an object perpendicular to the 
principal axis is formed 40 cm in front of a con- 
cave mirror of focal length 24 cm. If the height 
of the image is 4 cm, calculate the position and 
height of the object. 


15.25 An object is placed 20 cm away from a concave 
mirror of focal length 10cm. Find the position 
and nature of the image. 


FIG. 16.1 Refraction is the pheno- 
menon in which light Changes its 
direction while going from one optical 
medium to another, 


16 Refraction and Lenses 


Refraction is another interesting phenomenon of light. It is 
observed when light passes from one medium to another 
medium. One of the most important applications of this pheno- 
menon is in making lenses which have been in use Since ancient 
times. Lenses are one of the most widely used objects in day to 
day life, and by scientists. The apparent bending of a rod in 


water and the mirage are two of the commonly observed 
phenomena based on refraction. 


16.1 REFRACTION 


Besides reflection, refraction of light is an important pheno- 
menon which finds various applications. Refraction occurs 


because light travels in the form of waves which have different 
velocities in different optical mediums. 


D.16.1 Interface of Two Mediums A surface or boundary which 
separates one medium from another. See Fig. 16.1. 
PICTORIAL REPRESENTATION А thick line, 


with appropriate 
shading and/or labelling for the two mediums. 


D.16.2 Deviation The phenomenon of the change of direction 
of a ray of light when it passes from one medium to another. 
WRITTEN REPRESENTATION Мо specific symbol. 
SPECIFICATION The angle (Fig. 16.1) which the refracted ray 
(D.16.4) makes with the direction of the incident ray. Measured 
in degrees (°), minutes (^) and seconds (”). 


D.16.3 Refraction of Light (or, simply, 
menon of the change of direction of a r. 
from one medium to another. 

NOTE Reflection occurs when light is incident on the surface 
ofa body or medium which turns the light back from that 
surface itself. Refraction occurs when light is incident on the 


Refraction) The pheno- 
ay of light when it passes 
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surface of a body or medium which allows the light to pass 
through that medium. 


D.16.4 Refracted Ray The ray of light in the second medium 
after deviation has occurred at the interface. See Fig. 16.1. 


D.16.5 Angle of Refraction Measure of the deviation of the 
refracted ray. See Fig. 16.2. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION 6: 

SPECIFICATION The angle made by the refracted ray with the 
normal at the point where the ray enters the second medium. 
Measured in degrees (°), minutes (^) and seconds (5: 


FIG. 16.2 The angle of refraction 
is the angle between the normal and 
the refracted ray. 


16.2 THE LAWS OF REFRACTION 
Just as a ray of light when reflected obeys certain laws, the light 


in a refraction phenomenon also obeys certain laws. 


LAw 18: THE First LAW OF REFRACTION 


The incident ray, the refracted ray, and the normal to the inter- 
face at the point of incidence, all lie in the same plane. 


LAw 19: THE SECOND LAw OF REFRACTION (Snell’s Law) 
For a particular pair of mediums and for a particular wavelength 
of light, the ratio of the sine of the angle of incidence to the 
sine of the angle of refraction is a constant. 

MATHEMATICAL EXPRESSION 


sin ôi _ 
su constant (E.16.1) 


D.16.6 Absolute Refractive Index (or, simply, Refractive Index) 
The characteristic of the refractive property of a material given 
by the constant in Snell’s Law, E.16.1, when the first medium is 
vacuum and the second medium is the given material. 

TYPE OF QUANTITY Here taken as a scalar. 

WRITTEN REPRESENTATION И OF P. 

SPECIFICATION From E.16.1 


sin 6i 
= E.16.2 
n= sin 9 ( ) 


when light of a particular wavelength travels from vacuum into 


a material medium. | 
Notes (i) No two materials have the same absolute refractive 


index. 


(ii) For all material mediums 
nzi (Е.16.3) 
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D.16.7 Relative Refractive Index The value of the constant in 
Snell’s law when both the mediums in the refraction phenome- 
non are material mediums. 

ТҮРЕ OF QUANTITY Неге treated as a scalar. 

WRITTEN REPRESENTATION Hi2 Or Hay where 1 (or a) and 
2 (or b) are labels for the first and the second material mediums 
respectively; the order of the subscripts depends on the direction 
of light (e.g. pz Tepresents the relative refractive index of 
medium 1 with Tespect to medium 2, when light first traverses 
medium 2 and then medium 1). 

SPECIFICATION From Snell's law 


(E.16.4) 


NOTES (i) The relative refractive index is the property of 
medium 2 with respect to medium 1. When medium 1 is vacuum 
Hi2 = n2. ) 

(ii) For a given pair of mediums 


K2 > 1 or p < 1 but Ш2 % 1 (Е.16.5) 
(iii) =! 
= (E.16.6) 


THE SPEED OF LIGHT AND 
а constant speed of 3.000 X1 
tions. But in all materia 


REFRACTIVE INDEX Light travels at 


material medium can be defined in t 
of the speed of light as follows v 


ies speed of light in vacuum 
Speed of light in material medium (E.16.7) 
and Ta speed of light in medium 1 
speed of light in medium 2 (E.16.8) 


E.16.7 and E.16.8 give E.16.6. Also 


Stood using E.16.7 and E.16.8. As 
in each material medium i 


" (Е.16.9) 
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D.16.8 Optically Denser and Rarer Mediums 
(i) A medium 2 is optically denser than a medium 1 if 


ша > 1 огт om (E.16.10) 


EXAMPLES Carbon disulphide (п = 1.63) is optically denser 
than ethyl alcohol (л = 1.36) or water (n = 1.33). 
(ii) A medium 2 is optically rarer than a medium 1 if 


Baa < lor n < пу (Е.16.11) 


EXAMPLES Water (п = 1.33) is optically rarer than glass 
(n = 1.5). d 


D.16.9 Prism A refracting optical medium with intersecting 
plane regular surfaces. See Fig. 16.4. 
PICTORIAL REPRESENTATION А triangle. 


16.3 LENSES 


Refraction obeys the same laws, whether light is incident on a 


(с) 
FIG. 16.3 (а) m <n, ш> 1. 


E Y 3 When light travels from an optically 
plane interface or a curved interface. But at a curved interface rarer to an optically denser medium, 


the behaviour of light is very different due to the curvature of the refracted ray bends towards the 
the interface. normal. (b)m >п» ша < 1. When 

light travels from an optically denser 
D.16.10 Lens А piece of transparent material, like glass or t° ап optically rarer medium, the 


refracted ray bends away from the 
normal. (c) The extent of bending 
depends on the relative refractive 
index of the medium. 


plastic or a natural crystal, having at least one curved surface, 
PICTORIAL REPRESENTATION By an area bounded by two lines, 
at least one of them being curved. 
EXAMPLES Lenses in spectacles, telescopes, microscopes, etc. 


D.16.11 Spherical Lens А lens with at least one curved surface 
which is a part of a sphere. 

PICTORIAL REPRESENTATION By an area bounded by two arcs Refracting 
(parts of circles), or a straight line and an arc of a circle. See faces 
Fig. 16.5. 

EXAMPLES Lens used by watch repairers, in cameras, slide 
projectors, etc. 


FIG 16.4 A prism. 
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FIG. 16.5 Spherical lens. Either both the refracting surfaces or one of them is a part of a hollow sphere. 


Note There are two basic forms of spherical lenses. See 
D.16.13 and D.16.14. 
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FIG. 16.6 Equivalence 


beam becomes divergent, 


between prism and spherical lens, 
bination of two prisms Placed together base to base. Т 


cave lens is equivalent in action to a combination of 
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D.16.12 Cylindrical Lens A lens with at least one curved surface 
which is cylindrical. 

EXAMPLES In spectacles to correct a kind of eye defect, see 
D.17.13. In cameras, as a part of the compound lens system. 


D.16.13 Converging Lens A lens which is capable of bringing 
together or concentrating (or converging) incident light rays in 
one area or at one point. 

EXAMPLES Lens used to focus sunlight. 

NOTE Sometimes a converging lens is also known as a positive 
lens as its primary focal length (D.16.21) is positive. 


D.16.14 Diverging Lens А lens which cannot concentra 
rays to a point or area, but causes them to 
rays then appear to come from a point or area 

EXAMPLES Used in s 


(myopia), see D.17.11. 
NOTE Sometimes a diverg 
lens because its primary fo 


te light 
diverge. The light 


pectacles to correcta kind of eye defect 


@) 


Gi) 
(a) - 


(b) Gi) 
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shows us that the refraction of light by a curved surface (lens) 
takes place in almost the same way as the refraction by a plane 
surface (prism). 


D.16.15 Concave Spherical Lens A spherical lens which is thinner 
at the centre than at the edge. 

EXAMPLES See Fig. 16.7. 

Notes (i) These lenses are diverging in nature. 

(ii) By convention the word concave lens is used for a biconcave 
lens (i.e. a lens which is concave on both sides). 


D.16.16 Convex Spherical Lens A spherical lens which is thicker 
at the centre than at the edges. 

EXAMPLES See Fig. 16.8. 

notes (i) These lenses are converging in nature. 

(ii) By convention the word convex lens is used for a biconvex 
lens (i.e. a lens which is convex on both sides). 


16.4 CHARACTERISTICS OF SPHERICAL LENSES 


Spherical lenses are the easiest to understand and will be dealt 
with here. They are also the most commonly and widely used type 
of lenses. The concepts used in the study oflenses are similar to 
the ones used for understanding spherical mirrors. 


D.16.17 Centre of Curvature The centres of the spheres on 
which the surfaces of the lens lie. See Fig. 16.9. 

PICTORIAL REPRESENTATION Two points marked on a 
diagram, which are’ the centres of the two spherical surfaces of 
the lens. Labelled as C, and C». 

notes (i) Each spherical lens has two centres of curvature, 
usually located on opposite sides. 


(ii) The centre of curvature of a plane surface of a lens is at 
infinity. Hence the lens which has one plane surface has only 
one centre of curvature marked in the diagram. 


D.16.18 Principal Axis The straight line passing through both 
the centres of curvature of a lens. See Fig. 16.10. 

PICTORIAL REPRESENTATION The line joining C; and C; and 
extended beyond. 

Nore If one of the surfaces is plane, the principal axis is the 
line through the centre of curvature of the curved surface and 
perpendicular to the plane surface. 


D.16.19 Optical Centre The point on the principal axis and 
inside а lens, such that light passing through it, at any angle of 


237 


Double convex | 
Plano convex 


Convex meniscus 

Symbol for concave lens 

FIG. 16.7 Three types of convex 
lenses. Note that the lens has maxi- 
mum thickness at the centre. 


Double convex’ 
Plano concave 


Concave meniscus 
Symbol for convex lens 
FIG. 16.8 Three types of concave 
lenses. Note that the lens has mini- 
mum thickness at the centre. 
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FIG. 16.9 Centre of curvature, C, 
and C, are the centres of the hollow 


spheres to which the left and right 
surfaces of the lens respectively 
belong. 
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FIG. 16.10 Principai axis, 


FIG. 16.11 Primary focus is a 
Point to which a Parallel incident 
beam from the left converges or 
appears to diverge from, For a conyex 
lens it is а real Point while for a 
Concave lens it is а virtual Point. It 
is the image of an object at infinity, 
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| 
| 
| 
R;— —59]4e— —R,— 3 


Optical centre, centre of the lens, and radii of curvature. 


incidence on the surface of the leus, is not deviated. 
PICTORIAL REPRESENTATION Labelled as О. 


Converge or appear to come from 
See Fig. 16.11 and Fig. 16.12. 
NOTES (i) Every lens, except those having one plane surface, 
because of the two refracting surfaces, has two focuses, which 
are usually situated on Opposite sides of the lens. See D.16.21 
and D.16.22. 
(ii) In a Converging lens, the focus is a real Point whereas in 
a diverging lens, the focus is a virtual point, 
D.16.21 Primary (or Principal or First) Focus 
The point to which all the parallel incident ra 


refraction by the lens. See Fig. 16.11 : 


PICTORIAL REPRESENTATION By a point 


marked on 
Principal axis, Labelled as F,. 


the 


virtual, the image of which is forme infinity, to the right of 


PICTORIAL REPRESENTATION В 
Principal axis, Labelled as Fz. 


D.16.23 Focal Length A measure of the Power of convergence 
or divergence of a given lens. 


TYPE OF QUANTITY Scalar, 


with a sign, 
WRITTEN REPRESENTATION 


Ji fa 
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D.16.24 Primary (or Principal or First) Focal Length (or, 
simply, Focal Length) The distance from the primary focal point 
to the optical centre of a lens. See Fig. 16.11. 

TYPE OF QUANTITY Scalar, positive for a converging lens and 
negative for a diverging lens. 

WRITTEN REPRESENTATION fi 

SPECIFICATION Magnitude measured in metre (m). 

Nore Whenever a lens is supplied by the manufacturer, the 
focal length written on it is the primary focal length. 


D.16.25 Secondary (or Second) Focal Length The distance from 
the secondary focal point to the optical centre of a lens. See 
Fig. 16.12. 

TYPE OF QUANTITY Scalar, negative for a converging lens and 
positive for a diverging lens. 

WRITTEN REPRESENTATION f2 

SPECIFICATION Magnitude measured in metre (m). 


D.16.26 Thin Lens A lens with thickness much less than either 
of its focal lengths. 

NOTE As you will learn we have to normally deal with thin 
lenses during our study. In practice, we may often have to deal 
with thick lenses. In the latter case, our present study is not 
really adequate. 


D.16.27 Principal Section A plane perpendicular to the principal 
axis and passing through the optical centre. See Fig. 16.13. 

Note For all practical purposesa thin lens can be replaced 
by a principal section. We can assume that the light falls on this 
section and is deviated from it. 
D.16.28 Dioptric Power (or, simply, Power of a lens) A measure 
of the capacity of the lens to bend a ray of light. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION No specific symbol. 

SPECIFICATION The reciprocal of the primary focal length of 
a lens. Measured in dioptre (D) when focal length is expressed 


in metres. 
MATHEMATICAL EXPRESSION According to the definition 


Power — peer 1/5 
~ focal length 
1 
m E.16.12 
f ( 12) 


Notes (i) Power of a lens is positive for converging lens and 
negative for diverging lens. 

(ii) The power of lenses used in eyeglasses normally range in 
magnitude from 0.25 D to 10 D. 
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f. 


FIG. 16.12 The secondary focus is 
a point where, if an object (real or 
virtual) is placed, the refracted beam 
to the right of the lens will be a 
parallel beam. For a convex lens it isa 
real point and for a concave lens it 
is a virtual point. It is the object 
position when the image is formed at 
infinity on the right of the lens. 


or 


Principal 
section 


qo 


FIG. 16.13 Principal section. For 
the purpose of geometrical construc- 
tion a lens is replaced by its principal 
section. The incident light is assumed 
to travel upto and deviate from it. 
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D.16.29 Dioptre A unit to measure power of lenses. 
TYPE OF QUANTITY Derived SI unit. 
WRITTEN REPRESENTATION D or dioptre. 


SPECIFICATION The power of a lens which has focal length 
equal to 1m is Idioptre. 


MATHEMATICAL EXPRESSI ON 


(tes ix =m! (E. 16.13) 


16.5 WORKING PRINCIPLES OF LENSES 
(a) SIGN CONVENTION 
(b) IMAGE CONSTRUCTION Any 


shown in Fig. 16.14 can be used in locating the image (similar . 
tays were used in mirrors; see Section 15.3). A light ray is 
assumed to travel from left to right. 


two out of the three rays 


Convex lens 


Concave lens 


(b) Ray 2: ап incident ra; 
the lens will travel Paralle, 


y Passing or appearing to pass through the Secondary focal Point after refraction through 
l to the principal axis (property of secondary focus), 


(c) Ray 3: An incident тау passing through the optical centre after refract 


(property of optical centre), 


(d) 


lon through the Jens Boes undeviated 
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(c) DISTINCTION BETWEEN GLASS SLAB, CONVEX LENS AND CON- 
CAVE LENS Place a given piece of glass on a book, move it away 
from the book and note the size and nature of the image. The 
following three cases arise (somewhat similar to the mirrors; see 
Section 15.3). 

1. The size of the image remains the same as that of the object 
and is independent of the distance between the lens and book. 
The piece is a glass slab. 

2. The size of the image is always less than that of the object, 
whatever may be the distance between the lens and book. The 
piece of glass is a concave lens. 

3. For certain distances between the lens and the book, the 
image is bigger than the object. At a certain distance it dis- 
appears. It again reappears but is bigger than the object. Its size 
then keeps on decreasing. The piece of glass is a convex lens. 

(d)LENs FORMULA А relation between focal length, object 
distance and image distance used widely in the analytical study 
of instruments based on lenses. 


Derivation 
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FIG. 16.15 Diagrams for the derivation of lens formula. 


For convex lens For concave lens 
(Fig. 16.15a) (Fig. 16.15b) 
1. AABO and ДА'В'О are similar. 
AB _ BO 
WE Bo (E. 16.14) 
2. ЛОМЕ and AA'B'F are similar. 
OM OF 
"Bi BF (Е. 16.15) 
3: OM — AB (E. 16.16) 
4. Combine E. 16.15 and E. 16.16. 
AB OF 
4B ВЕ (2610 
5. Combine E. 16.14 and E. 16.17 
BO. 2. OF (Е. 16.18) 


B'O B'F 
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6. Substitute the values in E. 16.18. 


сей у =ч зш сәла 
o о =0 —f-+0 
7. Simplify 
~w-+uf = of uf—wo = of 
8. Divide by uvf and rearrange. 
1 Hs Д 
Find аі (Е. 16.19) 
MAGNIFICATION Ratio of image height to object height. See 
Fig. 16.16. 
From 4408 and ЛОА'В' 
A'B' OB v 
TAB p. УТ (Е. 16.20) 
FIG. 16.16 Magnification is the From E. 16.8 
ratio of image height to object height =) 
т=һһ„ m= Ша (E. 16.21) 


NOTES (i) For real images, m is positive and for virtual images 
it is negative. This is in contrast {о mirrors (see note after 


D.15.19). 


(ii) For concave lens, m is always negative and | m | < 1, while 
for convex lens it can be Positive or negative. 


SOLVED EXAMPLES 


EXAMPLE 16.1 The height of an object is 5cm 
and that of the image 10 cm. What is the magni- 
fication if the image is (i) real, (ii) virtual? 

Solution (i) For real image Since the image 
is real it is inverted, that is it lies along the 
negative Y-axis. Hence from the sign conven- 
tion : 

Object height — 5 cm — 0.05 m, positive sign 
as the height is measured along the positive 
Y-axis, 

Image height = —10 cm = —0.10 m. Nega- 
tive sign as the height is measured along the 
negative Y-axis. 


image height 


m= 5 


object height 


—0.10 m 
0.05 m 


(Gi) For virtual image When the image is 
virtual it is upright. Hence, 
Image height = 0.10 m, positive Sign as the 


height of the image is measured along the posi- 
tive Y-axis. 


Answer The magnification is (i) for real 
image —2 and (ii) for virtual image 2. 


EXAMPLE 16.2 Find the position of the image 
if the object is 0.10 m from the lens and the 
magnification is (i) 5, (ii) —4, 

Solution Since the object is always to the left 
of the lens, u = —0,10 m, m = v[u or v = mu. 
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TaBLE 16.1 The object-image relationship for spherical lens 


for different positions of the object. 


Position of Position Nature of Compara- Example of 
object of image image tive size of application 
the image 
CONVEX LENS 


inverted point 


At infinity At focus 
Fy 


Realand Almost a Telescope 


Between Between F Realand Smaller Camera 
infinity and 2F inverted 
and 2F 
At2F At 2F Realand Same size Camera used to 
inverted copy documents 
Between Between 2F Realand Larger Enlarging 
2F and F and infinity inverted camera, slide 
projector, 
microscope 
At F No image, refracted rays parallel Eyepiece of 
telescope, light 
source of 
parallel beam 
1 N 
Between F IESUS Same side Virtual ^ Larger Magnifying 
and lens | > as object, and erect glass, eyepiece 
] further of telescope 
away 
CONCAVE LENS 
Anywhere Same side ^ Virtual, Smaller Eye piece in 
as object, -smaller Galilean teles- 
between and erect cope, lens com- 


Jens and 
object 


binations to 
Correct eye 
defect (myopia) 
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(0 т= 5 
v = 5х(—0.10 m) = – 0.5 m. 

Since v is negative, the image is also to the left 
of the lens. 

(ii) т=—4 

v= —4X(—0.10 m) = 0.4 m 

Since v is positive the image is to the tight of 
the lens. 

Answer (i) Image is 0.5 m to the left of the 
lens. (ii) Image is 0.4 m to the right of the lens. 


“EXAMPLE 16.3 An object 10 cm high is placed 
perpendicular to the principal axis, 45 cm in 
front of a convex lens of focal length 20 cm. 
Determine the position and height of the object. 
Is it real or virtual? 

Graphical solution Let 1 cm in Fig. 16.17 
represent 10 cm, 

(a) Draw a line AB which represents the 
principal axis. 


FIG. 16.17 


(b) Choose a poi 


nt О on AB. It represents the 
optical centre. 


(c) The thin lens can be replaced by a line 
LOL, perpendicular to the principal axis and 
passing through the optical centre. 


(d) At a distance of 4.5 cm from O (because 
the object is 45 cm from the lens) draw a line 
РО 1 cm long (height of the object 10 cm) 
perpendicular to the principal axis. PQ re- 
presents the object. 

(е) Mark two points Fi and Р, on the princi- 
pal axis such that OF; = OF; =2 cm (focal 
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length 20 cm). F, is the primary focus and Р is 
the secondary focus. 

(f)Since OC; — 20F, and OC, = 20F, 
two points C; and C;, 4 cm from О represent 
the centre of curvatures. 

(g) Draw a line QQ; parallel to the principal 
axis AB. This is the incident light ray parallel to 
the principal axis. It cuts the line LOL, at Qı. 
This incident light ray after refraction passes 
through the primary focus F}. Hence QiF is 
the refracted ray. 

(h) An incident light ray ОО which passes 
through the optical centre does not bend after 
refraction. Hence ОГ, is the refracted ray. 

(i) Drop a perpendicular II from J, the point 
of intersection of the two refracted Tays, on AB. 
Il, is the image of РО. 

In Fig. 16.17, Of —3.6 cm. 

Distance of the image from the lens = 3.6x 
0.1 m — 0.36 m. In Fig. 16.17, Л, = 0.8 cm, 


Example 16.3, 


Height of the image = 0.80.1 m = 0.08 m. 

The image is real because {һе refracted rays 
actually pass through the image. 

Analytic method u—45 cm— —045 m 
(—sign because Object is to the left of the opti- 
cal centre), and f = 20 €m — 0.20 m (by con- 


vention positive for convex lens). From the lens 


formula, 
EET T 
fgg 701 

1 1 

а ета 

v Jom 0.2m 0.45m 
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А 0025 
~ 0.2x0.45 m 
v = 0.36 m (+sign hence image is to the right 
of the lens) 


(—sign indicates image is real) 
Height of the image — magnification x object 
height 

= —0.8x0.1 m = —0.08 m (—sign indicates 

that the image is 

real and inverted) 

Answer An inverted image of height 0.08 m 

is formed 0.36 m to the right of the lens. The 
image is real. 


EXAMPLE 16.4 When an object is placed 16 cm 
away from a convex lens, a virtual image thrice 
the size of the object is obtained. Determine the 
power of the lens and the position of the image. 

Graphical solution Let the scale of Fig. 16.18 
be 1 cm = 0.1 m, Follow the steps (a), (b) and 
(c) of the last exercise. 
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(b) Since the image is three times the object 
size it must be 3 cm high and should be to the 
left of the lens as it is virtual. 

Draw a line 4;В; at a height of 3 cm. The 
tip of the image must touch this line. 

(c) Join QO. This represents the incident light 
ray passing through the optical centre which 
will remain undeviated after refraction. 

When ОО is produced backwards it cuts A,B, 
at I4. Hence J; is the tip of the image. Drop a 
perpendicular from J; on AB. I, is the virtual 
image of PQ. 

(d) An incident light ray parallel to the princi- 
pal axis QQ, after refraction through the lens 
must pass through J, when produced backwards. 

Join J, and Q,. This line cuts the principal 
axis AB at Е. F, is therefore the focus because 
an incident light ray parallel to AB after refrac- 
tion must pass through the focus. 

In Fig. 16.18, OJ = 4.8 cm. Hence distance of 
the image from the lens = 4.8X0.1 m = 0.48 m. 

In Fig. 16.18, OF, = 2.4 cm. Hence the focal 
length = OF, = 2.4x0.1 m = 0.24 m. 


FIG. 16.18 Example 16.4. 


(a) Draw a line PQ, 1 cm long (we take the 
Object to be 1 cm high) perpendicular to AB at 
a distance of 1.6 cm from O (object is 0.16 m 
from the lens). 


The image is virtual as light rays do not pass 
through it but appear to pass through it. 

Analytic method u= —16 cm= —0.16 m, 
m-—3-vu, v=3 u = — 9.48 m. 
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From the lens formula, 


каймыз. EDEN EE 
ЙК wc TOT WERE WIG 
f— 024m 

pz Д 


Answer The power of the convex lens is 4.2 
D, and the image is 0.48 m to the left of the lens. 


EXAMPLE 16.5 An object 0.20 m high is placed 
perpendicular to the principal axis at a distance 
of 0.6 m from a concave lens of focal length 
0.4 m. Find the position and the height of the 
image, 

Graphical solution Let the scale of Fig. 16.19 
be 1cm = 0.1 m. Follow the steps (a), (b) and 
(c) of Example 16.3. 
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axis. After refraction through the lens it must 
pass through F, when produced backwards. 
Hence Q10, is the refracted ray. ! 

(d) An incident light ray QO passing through 
the optical centre goes undeviated. 

(e) Drop a perpendicular froin 1, the point 
of intersection of OQ and 0.0, produced 
backwards, on AB. JI is the virtual image of the 
object PQ. In Fig. 16.19, І, = 0.8 cm. Hence, 

Image height = 0.8 x0.1 m = 0.08 m. 
In Fig. 16.19, OI = 2.4 cm. Hence, 
Image distance from the Jens = 24х01 m 
= 0.24 m. 

Analytic method u= —0,6 т and f= — 

0.4 m. The lens formula gives, 


FIG. 16.19 Example 16,5. 


(a) In a concave lens the 
the left ofthe lens. Hence 
AB such that OF, 
m). 

(b) At a distance of 6 cm from O (object at a 
distance of 0.6 m) draw a line РО 2 cm high 
(object is 0.2 m high) perpendicular to the 
principal axis. 

(c) QQ; is a line parallel to 4B, and represents 
an incident light ray parallel to the principal 


primary focus is to 
mark a point F, on 
— 4 em (focal length = 0,4 


v= 


—0.24 m (—sign indicates that the image 
is to the left of the lens) 


v — 0.24 m 
m= — = cwm. 
и —0.6 m 0.4 
(+sign indic, 


ates that the image is virtual) 
mage = magnification x height 
of the object 
= 0.4x022 m= 0.08 m. 
Answer The erect image is 0.24 m to the 
left of the lens and is of height 0.08 m. 


Height of the j 
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ExaMPLE 16.6 Where should an object be 
placed in front of a convex lens of focal length 
0.2 m such that magnification is unity? 


Solution f= 0.2 m and m = v[u = —1, or, 
v = —u. From the lens formula, 
EMI 1 inl 2 
УДИ Ко mou un йук мй ЙИЛИ. 


u= —2f-— —2x0.2 m = —0.4 m. 
Answer The object should be placed 0.4 m 
to the left of the convex lens. 


EXAMPLE 16.7 The distance between a candle 
and a screen is 90 cm. A convex lens of focal 
length 20 cm is placed such that the reduced 
image of the candle is formed on the screen. 
Find out the position of the lens. 

Solution f— 20cm —0.2 m and the dis- 
tance between image (screen) and the object 
(candle) is 90 cm or 0.9 m. Let the distance 
between object and lens be y. Hence the distance 
between image and the object = 24-7. 


v+y = 0.9 m, or 
v = 0.9 т-у. 
Also и = —y. 
From the lens formula, 
det" V, d 
fon Ww eap 
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jh 1 1 
02m 09m-yty’™ 
ШЕЕ ку1:0:92 p аа ОО 
0.2m (0.9 m—y) y (0.9 m— у)у 
ог, 0.9 m y— y? = 0.9 mx0.2 m 
ог, у%—0.9 m y+0.18 m? = 0. 
or, (y—0.6 m)(y—0.3 m) = 0. 
or, у= 0.6 m or 0.3 m 


u = —0.6 m or —0.3 m. 


This implies that the image of the candle will 
be formed on the screen for two positions of 
the lens. If the lens is placed 60 cm from the 
object, a reduced image will be formed. In 
the other case, when the lens is at a distance of 
30 cm from the object, an enlarged image will 
be formed. 

Answer The convex lens should be placed 
60 cm away from the object. 


EXAMPLE 16.8 What is the power of a lens of 
focal length 50 cm? 
Solution f= 50 ст = 0.5 т. 
fe pal sac uude 
P — power — ШЕ Osan = 2D. 
Answer 'Тһе power of the lens is 2 D. 


PROBLEMS 


161 Show with the help of the lens formula that the 
Primary and the secondary focal lengths are 
equal in magnitude but have different signs. Do 

re this for concave and convex lenses. 

"2 Suppose we place a convex lens of focal length 
50 cm in between a screen and the sun. How far 
Should the screen be from the lens in order to 
form a sharp image of the sun on the screen? 

16.3 Determine the power of convex lenses of focal 
length 20 cm, 40 cm and of concave lenses of 
focal length 10 cm, 50 cm and 75 cm. 4 

16.4 An object of height 5 cm is placed at right 
angles to the principal axis, 60 cm from a convex 
lens of focal length 20 cm. Determine ће posi- 


tion, height of the image and magnification. 

16.5 A finger of height 5 cm is placed perpendicular 
to the principal axis, 40 cm from a convex lens 
of focal length 30 cm. Find the position, nature 
and height of the image. 

16.6 Acandle of height 6 cm is placed 27 cm from 
a convex lens of focal length 36 cm. Find the 
position, nature and height of the image. 

16.7 A pencil placed in front of a convex lens pro- 
duces a virtual image twice the size of the object. 
Determine graphically the power of the lens, 
when the image is at a distance of 20 cm from 
the lens. 

16.8 An object 4 cm high is placed at right angles to 
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16.9 


16.10 


16.11 


16.12 


16.13 


16.14 


16.15 


16.16 


16.17 


the principal axis and is 1.2 m away from a 
concave lens. If the focal length of the lens is 


40 cm, determine the position, nature and height 
of the image. 


An object 4 cm high is placed in front ofa 
convex lens. An image of height 8 cm is formed 
20 cm on the other side of the lens. Find the 
focal length of the lens. 


A convex lens of focal length 20 cm forms a real 
image 40 cm away from the lens. What is the 
Object distance? 

An image of a bulb is obtained on a screen 
which is 120 cm from a convex lens. If the object 


is 40 cm away from the lens, determine the focal 
length of the lens. 


А concave lens of power—5D produces an image 
0.6 m from the lens. Find the position of the 
Object. 

Ina concave lens if the object and image dis- 


tances are 120 cm and 40 cm respectively, deter- 
mine the focal length of the lens. 


An object is placed 100 cm from a convex lens 
of focal length 25 cm. Determine graphically the 
position of the image. 

What is the size and nature of the image of an 
Object of height 6 cm, placed 25 cm to the left 
of a convex lens when the image is (i) 50 cm 


to the left of the lens, (ii) 50 cm to the right of 
the lens? 


Determine the magnification when the Object is 
0.01 m high and the image is (i) 0.05 m high and 
inverted, (ii) 0.02 high and upright. 

Find out the magnification if the image formed 


16.18 


16.19 


16.20 


16.21 


16.22 


16.23 


16.24 


16.25 


16.26 


16.27 
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by a concave lens is 0.02 m high. The height of 
the object is 0.04 m. 

If a convex lens produces an image of length 
0.01 m of an object of 0.03 m, determine the 
magnification. 

The image formed by a lens is one-third the 
object size. What is the magnification if the 
image is (i) real, (ii) virtual? 

If the image is magnified four times, determine 
the magnification when the image is (i) real, 
(ii) virtual. 

Find out the position of the object if its two 
times magnified image is formed 0.2 m to the 
right of the lens. 

A concave lens produces an image one-fourth 
the size of the object. Find the position of the 
image if the object is 40 cm from the lens. 

Where should a convex lens of focal length 16 
€m be placed to obtain a four times magnified 
(i) virtual, (ii) real image of the object? 

An object is placed 0.6 m in front of a convex 

lens. If the image is half the Object size, deter- 
mine the focal length of the convex lens, 

How far should a candle. be placed from a 

convex lens of power 2.5 D so that its image is 

one-fourth the size of the object. Determine the 

image distance, 

What will be the power ofa concave lens if it 

Produces an image of one-third the object size? 

The object is 40 cm in front of the lens. 

А convex lens of focal length 20 cm is placed 

28 cm away from a wall. How far should an 
Object be placed from the lens, 


о е SO as to form 
its real image on the wall? 


17 Optical Instruments Ciliary muscle 


Iris Sclera 
Cornea A N 
Choroid N 
И 


0.17.1 Optical Instrument А device made of curved mirrors ог 
lenses to produce, record, and analyse the image of an object. 


Vitreous Blind 
humour spot 


17.1 THE EYE 


0.17.2 Eye One of the most sensitive and sophisticated optical 


instrument devised by nature. It is а remarkable evolutionary MES 
achievem S 
ent of nature. Aito 38 


humour 


FIG. 17.1 Schematic diagram of the 
human eye. 


FUNCTIONAL AsPECTS OF EYE 


TABLE 17.1 Parts of the eye and their functions. 


Name of part Description Function Remarks 
Eyeball Spherical enclosure of dia- To house all the parts 
meter~2.5 cm. of the eye. 
Selera Outer hard coating of То maintain shape of 
eyeball. the eyeball. 
Choroid Middle layer of eyeball To supply blood, oxy- 


gen and food to the 
various parts of the 
eye. Dark pigment ab- 
sorbs unwanted light 
which could blurr the 
image. 


containing a dark pigment. 


Retina Innermost layer of eye- To provide a surface 
ball having photorecep- for the formation of 
tors. image. 
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Name of part 


Rods and cones 


Blind spot 


Yellow spot 


Cornea 


Iris 


Pupil 


Lens 


Aqueous humour 
and vitreous 
humour 


Description 


Photoreceptors. 


Portion of retina with no 
photoreceptors. 


Portion of retina having 
only densely packed cones. 


Transparent portion of 
Sclera in front of eye. 


Coloured ring behind the 
cornea. 


Circular opening in iris. 


Biconvex crystalline lens 
of variable focal length. 


The water-like liquid of 
refractive index 1.336 
between lens and cornea, 


апа between lens and 
retina. 


Function 


To convert the image 
into a series of electri- 
cal signals for transmis- 
sion to the brain. 


A junction of optic 
nerves, which transmit 
electric signal to the 
brain. 


To allow light to enter 
the eyeball. 


To control the amount 
of light entering the 
eye. 


To allow light to enter 
the eye. 


To form 
retina, 


image on 
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Remarks 


Rods, 0.1 mm in 
diameter, 2.8 mm 
long, ~ 1.2x 108 
in number.Cones 
~ 6.5 х 10°, Rods 
work in dim 
light. Cones work 
in bright light. 
Cones distinguish 
colours, rods do 
not. 


Tf light falls here 
it is not detected. 


~0.2 mm from 
centre of retina. 


Most of the bend- 
ing of light takes 
place here (R~ 
8 mm). In action 
а convex lens of 
power ~ +44D. 


In dim light dia- 
meter ~ 6 mm, in 
bright light ~ 1.5 
mm, for normal 
vision ~ 5 mm. 


~3 mm from 
cornea, ~ 17 mm 
from retina. Power 
~ 15 D, in air its 
power ~ 150 D. 
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Retina 


Lens 


Cornea ^ 


п = 1.37 п = 1.41 


Liquid л = 1.33 


FIG. 17.2 The optical components: 
of a human eye. 


Visual axis 
Yellow 


spot 


of cornea 


Optic axis 

FIG. 17.3 Optic and visual axis. 
The angle between visual axis and 
optic axis is 6°. 


Normal long 
distance viewing 


Accomodation 
for close objects 
FIG. 17.4 Accomodation. The eye 
is able to focus very far as well as near 
by objects by changing the radii of 
curvature of the lens surface. 
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D.17.3 Reduced Eye A representation of the eye, obtained by 
replacing the various refractive surfaces (e.g. cornea, aqueous 
humour, eye lens and vitreous humour) by a singlé lens, of 
approximate power 59 D when adjusted at the far point, and 
placed ata distance of 17 mm in front of the retina. 

Note This representation is useful for the study of optical 


functioning of the eye. 


D.17.4 Near Point The closest point at which'the object can 
be seen clearly by the normal eye. 

TYPE OF QUANTITY Scalar 

SPECIFICATION For a normal adult it 15`25 cm. 

notes (i) For children it is less than 25 cm. 

(ii) In some kinds of eye defects it is greater than 25 cm 
(D. 17.12). 


D.17.5 Far Point The farthest point from the normal eye which 
can be seen clearly. 

TYPEOF QUANTITY Scalar 

SPECIFICATION For a normal adult it is at a very large distance 
(at infinity). 

NOTE In some kinds of eye defects (D.17.11) it is much less 
than infinity. 


D.17.6 Normal Vision (Emmetropia) The condition of vision in 
which the far point is at infinity and the near point is at 25 cm. 


D.17.7 Optic Axis Ап imaginary line joining the centre of the 
cornea to the optical centre of the eye lens. 
NOTE Optic axis is same as the principal axis of the reduced 


eye. 


D.17.8 Visual Axis An imaginary line joining {һе yellow spot 
and the optical centre of the eye lens. 
NOTE The vision is best if light travels along this axis. 


D.17.9 Power of Accomodation The ability of the eye lens to 
change its focal length to view objects at different distances. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION A 

SPECIFICATION The difference between the powers of the eye 
lens for focussing near and distant objects. Measured in dioptres 
(D). 


MATHEMATICAL EXPRESSION For an object at a distance u from 
the eye lens, the image is formed at the retina at a distance v 
from the eye lens. The power of the eye lens is 
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(а) Normal eye 


(b) Myopic eye 


(c) Myopic correction 


FIG. 17.5 Myopia. (a) An eye defect 
in which the eyeball becomes ellipti- 
cal with major axis along optic axis 
(elongated). (b) The object at a large 
distance is focussed in front of the 
retina and hence the image on the 
retina is blurred. (c) The object is 
again focussed on the retina if a con- 
cave lens is placed in front of the eye. 


d) 


(a) Normal eye 


Ф 


(b) Hypermetropic eye 


à 


(c) Hypermetropic correction 
FIG. 17.6 Hypermetropia. (a) The 
eye defect in which the eye ball be- 
comes elliptical with minor axis along 
optic axis. А point source at the near 
point is focussed behind the retina. 
The image on the retina is а blurred 
circular patch, (c) The object is again 
focussed if a convex lens is placed in 
front of the eye. 
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1 d 
VU AE e CREE 
Po = +, since for far point u = œ. 
Раа. ct int и = 0.25 
near rj 3012510 > Stace or near point и = 0. т 
i. e EL, 1 Ае. 
Еа e 


NOTES (i) A for children is much larger as their near point 
is less than 0.25 m. 


(ii) А decreases with age. For children it is about 14D while 
at the age of 45 years, it is approximately 2D. 


D.17.10 Persistence of Vision The property oftheeye by virtue 
of which the sensation of vision remains for a short time even 
after the object being viewed is removed. 

NOTE This property is used in making moving pictures. 


DEFECTS OF THE EYE 


D. 17.11 Short Sight (Myopia) A defect of the'cye in which a 
person can see near objects clearly but the objects at a distance 
appear blurred. 

CAUSE The eyeball is too long. As a consequence, the light 
from a distant object is focussed in front of the retina. 

REMEDY It is corrected by placing a concave lens in front of 
the eye. See Fig. 17.5. 

NOTE The far point in such a case is not at infinity. 


D.17.12 Long Sight (Hypermetropia) A defect of the eye in 
which a person can see distant objects clearly but nearer objects 
appear blurred. 

CAUSE The eyeball is too short. As a consequence the light 
from a near object is focused behind the retina, 

REMEDY It is corrected by placing a convex lens in front of 
the eye. See Fig. 17.6. 

NOTE The near point in such a case is farther than 25 cm, 


D. 17.13 Astigmatism А defect of the eye in which a person 
can clearly see horizontal lines but not vertical lines. 

CAUSE Either due to differences in curvature of the different 
parts of the cornea or a slight tilting of the crystalline lens of 
the eye. 

REMEDY By using a cylindrical lens before the eye. 


D. 17.14 Presbyopia A defect of the eye in which the near 
point of the eye recedes beyond the convenient reading distance. 
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CAUSE In old age, the ciliary muscles become weak or the 
crystalline lens of the eye loses its elasticity and hardens. 

REMEDY By using a convex as well as a concave lens 
(bifocal lenses). The convex lens helps the eye to see objects at 
large distance while the concave lens helps it to see near objects. 

МОТЕЅ (i)In such a case, the power of accomodation is 
greatly lost. 

(ii) In this defect, the eye remains more or less permanently 
focused at a constant distance. 


17.2 THE CAMERA 


D. 17.15 Lens Camera (or, simply, Camera) An attempted man- 
made copy of the eye. See Fig. 17.7. 

NATURE OF IMAGE Much smaller than object, real and inverted. 

NOTES (i) The size of the image depends on the focal length 
of the lens. The magnification increases as the focal length of 
the lens increases. 

(ii) In an actual camera a converging lens is made by combin- 
ing several lenses; individual lenses may be convex or concave. 
The combination helps to remove some of the defects found in 
an image formed by a single lens. 

(iii) In good cameras, the lens is the most expensive item. 


SOME Concepts ASSOCIATED WITH CAMERA WORKING 
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FIG. 17.7 Camera. An attempted 
man made copy of the eye. А reduced 
image of the object is obtained on a 
film which makes a permanent record 
of the event. The object is focussed on 
the film by changing the distance bet- 
ween the lens and film by a focussing 
arrangement. When the shutter lever 
is pressed, the shutter opens for a pre- 
determined time, during which light 
is allowed to affect the film. 
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TABLE 17.2 Parts of the camera and their functions. 


Part 


Light tight box 


Description 


A light tight rectangular black box 
painted black from inside. 


Function 


Not to allow any light except 
through lens to enter the camera. 


Lens A converging lens of fixed focal То forman image of the object 
length. on the film. 

Diaphragm An opaque plate, with a variable cir- To vary the aperture of the lens. 
cular opening, between lens and film. 

Film A role of celluloid having a layer of То Obtain a permanent record of 
photo-sensitive material like silver Һе object image. 
chloride. 

Aperture Circular opening in the diaphragm. To control the amount of light 

entering the camera. 

Shutter Ап arrangement between lens and To control the time for which 
film, light can fall on the film, 

Focusing Anarrangement to change the dis- To bring the near and distant 

arrangement tance between lens and film. 


Exposure meter 


Cornea and 
crystalline lens 


Diaphragm 


Retina 


A light sensitive meter. 


camera). 
camera). 


camera). 


(iii) Light sensitive surface 
(iv) Light absorbing coatin 


(v) Protector (sclera in eye, metal or 
(vi) Magnification less than 1. 


objects in focus on the film. 


To determine the correct exposure 
time, 


TABLE 17.3 Comparison between €ye and camera. 
Similarities Both have: 


(i) Converging lens system. 


(ii) Variable aperture system (iris in €ye, diaphragm in 


(retina in eye, photo film in 
E (choroid in eye, black paint in 


plastic box in camera), 


and choroid 
Lightproof housing 
FIG. 17.8 Some 


points of similarity 
between the eye and the camera, 


(vii) Image real and inverted. 
Differences 


(i) Eye lens is of variable focal length while the lens ina 
camera is of fixed focal length. (Now lenses of variable focal 
lengths, known as zoom lenses, are also available.) 

(ii) The distance between the eye lens and retina is fixed. In 
the camera, the distance between the lens and film is variable. 


(iii) Retina has Persistence of vision. Film does not have this 
property. 
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(iv) Normal eye is free from all defects. The camera lens has 
some defects such as spherical aberration, and different focal 
lengths for rays of different wavelength. 


D.17.16 f-Number A measure of the amount of light entering 
the camera. 
TYPE OF QUANTITY Scalar 
WRITTEN REPRESENTATION f-number 
SPECIFICATION The ratio of focal length of the lens and 
diameter of the aperture, Usually marked on the camera as a 
series of numbers: 1.7, 2, 2.8, 4, 5.6, 8, 11, 16, 22. 
MATHEMATICAL EXPRESSION 
focal length Sal 
féntmaben ec aperture diameter 
NOTE Amount of light entering the camera cc (aperture 
diameter)?, or J ос d?. 
I, day. Jrnumber y 
Cp (+) = ( fi number 
If f-number = 2.8 and f; number = 4, 
1 CASCOS mon 
т = (zs) =2, ог Д 2h 
Thus /:2.8 allows twice as much 
ture as f-4 would. One higher 
of light to half and vice versa. 
D. 17.17 Shutter Speed — Time 
Which the shutter remains open. 
аз n = 1, 2, 4, 8, 15, 30, 60, 125, 2 
Speed is (1/n)s. 


light to pass through the aper- 
f-number decreases the amount 


of Exposure The duration for 
Usually marked on a camera 
50, 500, 1000. The shutter 


D. 17.18 Depth of Field А measure of the range of distance in 
front of a camera, the objects within which are in focus. 

NOTE The depth of field depends on fenumber. Higher the 
f-number, greater will be the depth of field. 


, under standard light condi- 


D. 17.19 Film Speed A measure 
1 be correctly exposed. 


tions, of how quickly the film wil 


17.3 PROJECTOR 


linstrument to produce an en- 


D. 17.20 Projector Ап optica. 1 А 
mall size object on a white screen. 


larged image of a transparent s 
CONSTRUCTION See Fig. 17.9. 
WORKING Light from a pow 

formly by a condenser lens оп t 


erful source is concentrated uni- 
he negative of a film or the slide 
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Objective lens 


Slide 


1881 Condenser 
T lens 


Light source 


FIG. 17.9 Projector. An optical 
instrument opposite in action to the 
camera. Light from the source is con- 
densed on a film contained in a slide 
carrier. Since the film is between F 
and 2F of the projector lens (conyerg- 
ing) an enlarged image is formed on 
the screen. 
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TABLE 17.4 Parts of the Projector and their functions. 


Part 


Description Function 

Source of Usually a carbon lamp. To Bive an intense beam 

light of light. 

Reflector Parabolic or concave To concentrate light in 
mirror behind the source the forward direction. 
of light. 

Condenser A system of converging To concentrate light 
lenses (usually two plane uniformly on the slide, 
convex lenses). 

Heat filter To absorb heat energy 

from the light Tays to 
Protect the film from 
damage. 

Slide holder A metallic frame. To hold the slide, 

Projection A Converging lens of To form the image of 

lens 


small focal length moun- 


ted on a moveable screw 
head. 


the slide on а white 
Screen. 


NOTE The light source is Very close to the focus of the reflec- 
tor as well as the focus of the condenser. 


to be shown. The Object is placed between 
jection lens but very close to F. Since the 
F, a real, inverted and enlarged image is fo 


F and 2F of the pro- 
slide is very close to 


between the lens and the slide. 


17.4 MICROSCOPE 


Combinations of lenses сап be used to 
optical instruments, one of them being 


D. 17.21 Microscope An instrument which 
image of a very small object placed close t 


OPTICAL INSTRUMENTS 


(ii) The small object is usually kept within a few centimetres 
of the microscope. 

(iii) A microscope may be an optical one (using light to pro- 
duce the image), or an electron microscope (using electrons to 
produce the image). Here we shall deal only with simple and 
compound optical microscopes. 


D. 17.22 Simple Microscope (Magnifying glass) An optical 


microscope with a single lens to produce an enlarged image of . 


а small object. 

CHARACTERISTICS See Table 17.6. 

NOTES (i) A simple microscope has to be a convex lens. 

(ii) The primary focallength of the convex lens should be 
small. 

(ii) The maximum magnification obtained without any dis- 
tortion in the image is about 5. 


Converging lens 


(b) By simple converging lens 


whi у 17.1 i i A magnifying glass 

. 9.17.10 Simple microscope. gni y. 

leds uces a magnified, virtual, erect image 25 cm away from the eye 
S. 


(converging lens) 


D. 1723 Objective A lens system in an optical instrument 

Which is close to the object. " г 
FUNCTION To produce a magnified image of the object. 
NOTES (i) Its focal length and magnification are denoted by 

© and mo respectively. 

. Gi) Normally, in order to remo 

image, the eye piece and objective are constructed by 

Several lenses, which may be convex ог concave. 


ve various defects from the 
combining 


D. 1724 Eye Piece A lens system in an ор Pa 
which is close to the eye. 
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FIG. 


17.11 Compound micro- 
Scope. A magnifier made from two 
converging lenses. The objective has 
a short focal length and the eyepiece 
a large focal length. The object is 
placed between F and 2F of the 
objective, but very close to F. A real 
inverted image is formed before the 
eyepiece. The final image is virtual, 
inverted and 25 cm away from the 
eye lens, The magnification is much 
greater than that of a simple micro- 
scope. One can easily achieve a 
magnification of about 1100. 
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FUNCTION To magnify the image formed by the objective. 
NOTE Its focal length and magnification are denoted by fe 
and те respectively. 


D. 17.25 Compound Microscope An optical microscope with an 
arrangement of at least two lens systems. 

CONSTRUCTION See Fig. 17.11. 

CHARACTERISTICS. See Table 17.6. 


17.5 TELESCOPE 


A telescope is a lens system to observe distant objects. The first 
telescope was made by Galileo in 1609. It helped him to discover 
that the surface of the moon is not smooth and that the planet 
Jupiter has moons like our earth. Astronomy is impossible with- 


out this instrument, Telescopes are widely used їп the scientific 
world, by bird watchers, etc. 


D. 17.26 Angular Magnification The ratio between the angle 
subtended at the eye by the image and the angle subtended at 
the eye by the object when seen directly. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION Ma 

SPECIFICATION No units 
` MATHEMATICAL EXPRESSION 


РРА Р Angle subtended by the image at the eye 
^ Angle subtended by the object at theeye 
E: 
prm (5.17.1) 
NOTE D. 15.19 is inadequate in the study of telescopes because 
lü[ho is nearly zero for the objective. 


D.17.27 Telescope An optical instrument for 


producing a 
magnified image of a distant object. 


TABLE 17.5 Comparison between microscope and telescope. 
(For other similarities and dissimilarities see Table 17.6) 


Microscope Astronomical 
telescope 
1. Objective diameter Small Large 
2. Eyepiece diameter Large Small 
3. Objective focal length Very small Very large 
4. Eyepiece focal length Large Small 
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TABLE 17.6 Some characteristics of telescopes and microscopes. 


Instrument Position of 
object 
Simple Between O 


microscope and F 


Compound Between F 
microscope and 2F of 


objective but 
very close to 
F 
Astrono- At infinity 
mical 
telescope 
Galilean At infinity 
telescope 


NOTE As the mag 


increases. The diameter of the О 
large to gather enough light 
contrast a microscope objective 
D. 17.28 Reflecting Telescope An- 
concave mirror, usually paraboloi 


collecting light. 


Image by the 
objective (same 
as object for 
eyepiece) 


Virtual, erect, 
25 cm from eye 


Real, inverted, 
between Fand 
О of eyepiece 
but very close 
to F 

Real, inverted, 
at the focus of 
eyepiece 

Real, inverted 


nification increases the image size also 
bjective, therefore, should be 
to make the image visible. In 
has a small diameter. 


CONSTRUCTION See Fig. 17.12. 
CHARACTERISTICS See Table 17.6. 


Notes (i) A paraboloi 


Dot produce any aberration, inc 
(ii) Modern astronomical te 


kind. 


(iii) The largest reflecting telescope has 2 


diameter 508 cm ( ~ 5.1 m) at 


D. 17.29 Refracting Telescope (ог, 
instrument consisting essentially О 
Objective is a converging lens system O 
the eye piece is a converging lens sys 
CoNsrRUCTION See Fig. 17.13. 
Notes (i) This type of telescope is not use 
work because a lens system is ne 


luding spberical aberration. 
lescopes are invariably of this 


concave mirror of 
Mt. Palomar, California, U.S.A. 


Distance between 
objective and 
eyepiece 


Final image 
(image by 
eyepiece) 


Magnification 


Slightly less 
than fotfe 
(fe > fo and fo 


very small) 


Virtual, invert- 
ed, 25cm from 
eye 


forte (fo > fe 


Real, inverted, 


= fo > 1 
at infinity and fo very te 
large) 
Virtual, erect, fo—fe (fo > fe) sax fo 
between objec- UST fa? rarely 
tive and eye- greater than 6 
piece 


Parabolic 
concave mirror 


optical telescope having a in 
d, of large focal length for ЙОГ 
d concave mirror is used because it does mio! теке ЕИ ae, 


An optical instrument in which a con- 
cave mirror is used instead of a lens. 
This type of telescope is superior to 
the refracting type because loss of 
light is less in reflection than in 
refraction. 


simply. Telescope) An optical 
f two lens systems. The 
f long focal length and 
tem of short focal length. 


d for accurate scientific 
ver free from aberrations. 
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FIG. 17.13 Astronomical telescope. A telescope constructed from 
two converging lenses. The focal length of the objective is much greater 
than that of the eyepiece. 


(ii) There is a limit to the diameter 
en І system. Beyond this limit, glass distorts un 
Objective у 1 S É " 

(iii) In the world, the biggest refracting 
meter of 101.6 cm and a focal length o 
Observatory, Wisconsin, U.S.A. 

The various types of telescopes are discussed below. 
(a) Astronomical (Kepler) Te elescope 

CONSTRUCTION See Fig. 17.13. 

WORKING CHARACTERISTICS See Table 17.6. 

LIMITATIONS The final image is inverted, hence it cannot be 
used to view objects on the earth. However, in viewing stars 


this does not cause any problem as there is no meaning of up 
and down for a star. 


of the objective lens 
der its own weight. 

telescope has a dia- 
f 1981.2 cm at Yerkes 


(b) Galilean Telescope 
CONSTRUCTION See Fig. 17.14, 
WORKING CHARACTERISTICS See Table 17.6. 


(c) Terrestrial Telescope 


FIG. 17.14 Galilean telescope. The CONSTRUCTION See Fig. 17.15. 
eyepiece is a concave lens. The final AU 
image is upright and virtual. 


FIG. 17.15 Terrestrial telesco 
telescope except that a convergin, 
and eyepiece so that the image pro 


pe. А telescope similar to an astronomical 


g lens is placed between the objective 
duced is real and upright. 


SOLVED EXAMPLES 


EXAMPLE 17.1 The power of the eye lensisnot radii of curvature of the two lens surfaces. For 
constant. The power is changed by altering the most normal adult persons it varies between 60. 
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D and 68 D. What are the corresponding focal 
lengths? Is the eye lens converging or diverging? 

Solution We know that focal length in 
metres = 1/power in dioptres. 


1 
f corresponding to 60 D = 0р 0.017 т. 


1 
1 ——— = 0.015 m. 
f corresponding to 68 D = сету 0.0 


By convention the positive focal length (or 
Positive power) means that the lens is converging. 

Answer The eye lens is a converging lens. 
Its focal length varies between 0.017 m and 
0.015 m. 


ExaMPLE 17.2 Most of you must have seen a 
camera. In a negative taken by a 35 mm camera 
containing a converging lens of focal length 
0.05 m, the height ofa man is 0.035 m. If the 
actual height of the man is 1.75 m, determine 
the distance of the man and film from the lens. 
Solution f =0.05m 
height of man in negative 
S actual height of man 


20.035 т _ _0.02. 
1.75m 


(negative sign because the image formed by a 
convex lens is real) 


m=, or v = mu = —0.02и. 
u 
From the lens formula, 
me 1 AU m 1.02 
f v и —=002 и 002 
о, u-.-005mxlO2 .. 555m 
0.02 


v = —0.02x(—2.55 т) = 0.051 m. 


Answer The man is 2.55 m in front of the 
lens and the film is 0.051 m behind the lens. 


ExawPLE 17.3 A magnifying glass is of 5.0 cm 
focal length. What will be the magnification 
Produced by it? 

Solution f= 5cm = 0.05 m. In a magni- 
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fying glass a virtual image is formed 25 cm 


away from the lens. Hence, v = —0.25 cm. 
e ш ущ =0-25Шш 
Qi a су утуй n 0.05 m 


Answer The magnification produced by the 
magnifying glass is 6. 


EXAMPLE 17.4 A boy interested in collecting 
postage stamps has a simple microscope. When 
he holds it above a stamp, the image formed is 
three times the size of the stamp. Determine the 
focal length of the lens. What is the distance of 
the image and the stamp from the lens? 

Solution The magnification of the simple 
microscope is 


or = 


According to the question m = 3. Hence, 
0.25 m 
ga 3—1 
The image is virtual and is formed, in the case 
of a simple microscope, at a distance of 0.25 m 
from the lens on the same side as the stamp. 


= 0.125 m. 


Answer The focal length of the simple 
microscope is 0.125 m. The image is formed 
0.25 m from the lens on the same side as the 
stamp. The stamp is 0.083 m from the lens. 


EXAMPLE 17.5 The magnifying power of a 
compound microscope is 25. It is found that 
the objective and eyepiece magnify the image 
equally. Determine the magnifying power of the 
objective. 

Solution Magnifying power of the objec- 
tive — magnifying power of the eyepiece, or 
mo — me. Magnifying power of the compound 
microscope = mo me = тї. 
mi = 25 or m = 5. 
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Answer The magnifying power of the objec- 
tive is 5. 


EXAMPLE 17.6 A bird sitting on the top of a 
tree subtends an angle of 5' at the eye. The 
bird is now seen with the help of a telescope. 
The image in the telescope subtends an angle 
of 1° at the eyc. What is the magnifying power 
of the telescope? 

Solution 


angle subteneded by the 


Magnifying power — ingenethsjeye 


bird at the eye 
60' 
SSS bh 
5 ! 


Answer The magnifying power of the tele- 
scope is 12. 


EXAMPLE 17.7 You are given two convex 
lenses of focal length 0.1 m and 0.3 m respecti- 
vely. How will you construct an astronomical 
telescope from these two lenses? What will be 


angle subtended by the 
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its magnifying power? 

Solution A telescope is an instrument used 
for viewing distant objects. It forms a magnified 
image of these objects. Its magnification must 
be greater than 1. 


_ focal length of the objective c ES 
-.. focal length of the eyepiece у," 


Since m > 1, fo > fe. We are given two lenses 
of focal length 0.1 m and 0.3 m. The lens of focal 
length 0.3 m should be used as the objective and 
the lens of focal length 0.1 m as the eyepiece, 
In the astronomical telescope distance between 
objective and eyepiece. = fo+fe = 0.4 m. There- 


fore, eyepiece should be 0.4 m away from the 
objective. 


fe om? 

Answer The lens of focal length 0.3 m 
should be used as objective and the lens of focal 
length 0.1 m should be used as eyepiece. The 
distance between objective and eyepiece should 


be 0.4 m. The magnification of such a telescope 
will be 3, 


PROBLEMS 


17.1 What should be the power of an eye lens so that a 
real image of an object 25 cm from the lens is form- 
ed on the retina 17 mm from the lens? What is the 
magnification? 

17.2 A convex lens is used as a simple microscope. The 

maximum magnification power of such a microscope 

is about 30. What is the focal length of a convex 
lens giving such a magnifying power? 

What will be the magnifying power of a simple 

microscope if the focal length of the convex lens is 


5 cm. Find out the distance of the Object and image 
from the lens, 


17.4 The power of a child’s 


17.3 


eye lens varies between 60D 


and 74D. Determine the corresponding focal lengths. 

17.5 The focal length of the eyepiece of an astronomical 
telescope having a magification of 4, is 5 cm. Deter- 
mine the focal length of the Objective and the dis- 
tance between the eyepiece and objective, 

17.6 An object subtends an angle of 4 minutes at the 
eye. This object is magnified two times when view- 
ed by an astronomical telescope. Determine the 
angle subtended by the image at the eye. 

17.7 In a compound microscope, the magnifying power 
of the eyepiece is 2 and that of the objective is 10. 


What will be the Magnifying power of the com- 
pound microscope? 


18 Electrostatics, Current and 
Potential Difference 


The word electricity is the Greek name for amber, а yellowish 


resin, which attracts light objects such as small pieces of dry 
Brass, thread, pith, etc. when it is rubbed with silk. From about 
Sth century в.с. to 19th century A.D., the study of electricity 
confined itself to the forces between two charged bodies. Only 
in the 19th century A.D. wasthe study extended to include 
effects of moving charges. Since then it has taken tremendous 
Strides, and today we cannot imagine a life without electricity. 
The list of items which run on electricity is endless. Even bio- 
logical systems such as the nervous system, the brain, the heart, 
etc. work on electrical impulses. 


18.1 BASIC CONCEPTS OF ELECTROSTATICS 


The study of electricity is divided into two parts. 

Electrostatics deals with the concept of electric charge and 
properties of stationary charged bodies. (The duplicating techni- 
que, xerox, relies on electrostatics.) 

Electrodynamics deals with moving ¢ 
effects. 


harged bodies and their 


D. 18.1 Elementary Particles The basic units of which all matter 
18 composed. 
EXAMPLES Protons, neutrons, electrons. 


D. 18.2 Electric Charge А basic property of some elementary 
Particles, due to which these particles can exert a force (called 
the electric force) on other charged elementary particles at a 
distance. 

TYPE OF QUANTITY Scalar. 
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Repelled 


glass rod 


Charged 
zm ebonite rod 
mcd Charged 
Blass rod 


FIG. 18.1 Experiment with charged 
bodies. (а) A glass rod charged by 
rubbing with silk is suspended to 
rotate freely. When another charged 
glass rod is brought near it, the sus- 
pended rod moves away: i.e. the two 
glass rods repel each other. (b) The 
same thing is noticed with charged 
ebonite rods. (c) A charged ebonite 
rod is brouglit near a suspended glass 
rod. The glass rod is attracted towards 
the ebonite rod. 
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WRITTEN REPRESENTATION q, Q 
SPECIFICATION Magnitude measured in Coulomb (C). See 
D.18.5. Sign either negative or positive. 


NOTES (i) Elementary particles are the ‘source’ of all electric 
charge. When a large 


D.18.3 Elementary Char, 
charge. 

TYPE OF QUANTITY Scalar. 

WRITTEN REPRESENTATION е 

SPECIFICATION Magnitude 1.602 x {9-19 C. Sign either positive 
or negative. 

NOTES (i) The charge of an elec 
proton +e, 

(ii) So far no elementary particle has been detected which has 
charge less than this amount although theoretically particles 
(quarks) of charge +(1 [3)e and +-(2/3)e are predicted. 


ве The smallest Quantity of electric 


tron is —e and that of a 


18.2 FORCES BETWEEN TWO CHARGES 


D. 18.4 Electric Force— Coulomb Force The force exerted by 


one charged body on another charged body at a distance, 
TYPE OF QUANTITY Vector, 
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tive electric force between its electrons and protons. (see also 
D.4.3). 

Gli) Apart from the difference in the magnitude of gravita- 
tional and electrical forces, see Example 18.1, electrical forces 
can be both attractive and repulsive due to the existence of two 


kinds of charged bodies. 
A 4— — 


= Я 
Positive and negative Positive _ Negative | 
attract each other repels positive repels negative 
(a) (b) (с) 


FIG. 18.2 Kind of electrical forces. (а) An attractive force exists between 
iwo objects if they carry opposite charges. (b), (с) The electrical еа 
repulsive if two objects carry similar charges Notice that when a force 1 
acts on one charge, another force — F acts on the other charge (Newton's 
third law) 

D. 18.5 Coulomb The SI unit of electric charge named after 
the famous scientist Coulomb (1736-1806). 
TYPE OF QUANTITY Derived SI unit. 


WRITTEN REPRESENTATION C h one 
SPECIFICATION The magnitude of charge present on eac 


of two equally charged bodies which exert an electric force of 
magnitude 9x10? N on each other, when placed one metre 
apart in vacuum. 

Or 
The charge transported in one secon 


one ampere (D.18.16). eres 
MATHEMATICAL EXPRESSION From the second specificatio 


1C = 1 coulomb = 1 ampere x l second 

= As 
LIMITATION The coulomb is a measure O° 
of charge. The type of charge has to be spec! 


d by an electric current of 


e of only the magnitude 
fied separately. 


Law 20: CouroMe's LAW 
The force exerted by a charge of magnitude 4 
magnitude qz at a distance r, is 
(a) directly proportional to the 
tlie two charges; and 
(b) inversely proportional 
Separating the two charges, an 
Positions of the two charges. 


on a charge of 
product of the magnitudes of 


1 to the square of the distance 
d acts along the line joining the 
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(a) 
(b) 
—6 ®— 
(c) 

FIG. 18.3 Coulomb’s law gives the 
force on one charged object due to 
another object. (а) The electrical force 
between two charged bodies can be 
increased by increasing the charge on 
either object. (b) The force can also 
be increased by decreasing the dis- 
tance between them. (c) The force 


acts along the line joining the centre 
of the two charges. 
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(a) A positive point charge 


(b) A negative point charge 


FIG. 18.4 The electric field pattern 
due to point charge. 


Q------—o 


FIG. 18.5 The direction of electric 
field strength E for +g is away from 
+4 and for —4 is towards —q, along 
the line joining the unit positive 
charge and the centre of charge q. 


. D.18.9 Uniform Electric Field An electric field їп which 
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MATHEMATICAL EXPRESSION From the above statement 
Foq 92 


FK (E.18.1) 


where K is the constant of Proportionality and has the value 
9x10 N m? C2 


D. 18.6 Electric Field—Coulomb 
charge within which it is ca. 
electric charge. 

NOTE The concept of the electric field is extremely important 
in physics. It helps us to understand how the electric force due 
to a charge can be experienced at a distance from the charge, 


Field The region around a 
pable of exerting a force on another 


D. 18.7 Electric Line of Force An i 
an electric field, along which a free 
if allowed to do so. See Fig. 18.4. 


maginary smooth curve in 
positive charge would move 


D. 18.8 Electric Field Strength (Intensity) A measure of the 
electric field around a charge q;. 

TYPE OFQUANTITY Vector 

WRITTEN REPRESENTATION. E 

SPECIFICATION The force experienced bya unit 
at a given point in an electric field due to a charg 
in newton per coulomb (МСТ!) or volt- 
for direction. 


MATHEMATICAL EXPRESSION From the specification and E.18,1, 


Positive charge 
е 41. Measured 
metre (Vm). See Fig. 18,5 


Е=К а (Е.18.2) 
NOTES (i) As the distance from the charge q increases the 
magnitude of E becomes smaller and smaller, 


(ii) If a charge 42 is placed at a d 
and the electric field stre 


Biven in magnitude by 


istance r from the charge qi, 
ngth at q; is E, the force acting on q3 is 


F—g,E (E.18.3) 
This expression is easily obtained by comparing E.18.1 and 
E.18.2. 


(iii) The old name electric intensity is no longer used. 


the 
value of E is the same at all points in the electric field. 


PICTORIAL REPRESENTATION By parallel lines, 
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EXAMPLE The electric field between two oppositely charged 
plates. 


D.18.10 Work Done by a Uniform Electric Field of Intensity E on 
а Chargeq The product of the Coulomb force, exerted on a 
charge q in an electric field of uniform intensity E, and the 
distance moved by the charge 4. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION W 

SPECIFICATION Magnitude measured in joule (2). 

MATHEMATICAL EXPRESSION From the above definition 


W=Fes (E.18.4) 


From E.18.3, Fe = q E at a point r in the field. In the present 
case E is same at all points, and hence constant over the distance 
moved. Therefore, 

W-qEs (E.18.5) 


D.18.11 Electrostatic Potential Energy ofa Charge 4: due to a 
Charge qı at a Distance r from 4: The quantity of work done 
by or against the electric field of a charge q, in displacing another 
charge qz from infinity to a distance r from 41. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION Ф OF $e 

SPECIFICATION Magnitude measured in joule (J). 

MATHEMATICAL EXPRESSION 


goa (E.18.6) 
r 


D.18.12 Electric Potential (or, simply, Potential) А measure of 
lectric field. This 


the work done by a unit positive charge in an © 
is another measure of the electric field strength. 
TYPE OF QUANTITY Scalar 
WRITTEN REPRESENTATION V 
SPECIFICATION The electric potential : 
distance r is the quantity of work done by or against the electric 
field of charge q, in displacing a unit positive charge пош 
infinity to a distance r from qı. Measured in joule J es 
MATHEMATICAL EXPRESSION 


due to a charge qı at а 


v= -K4 (Е.18.7) 
ve or negative. 


NOTES (i) The potential can be positi 
the same role as the 


(ii) The potential in electricity plays 
temperature plays in the study of heat energy- __ 
(iii) The earth is assumed to be at zero potential. 
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Ground at 


zero potential 
(b) 


Negative potential 


(с) 


FIG. 18.6 The positive charge flows 
from a region of higher potential to 
a region of lower potential, similar to 
the flow of water from a higher poten- 
tial energy region to a lower potential 
energy region, or the flow of heat 
energy from a region of higher tem- 
perature to a region of lower tempera- 
ture. 
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D.18.13 Electric Potential Difference between Two Points (or, 
simply, Potential Difference, or Voltage) A measure of work 


done in carrying a unit positive charge between two points in an 
electric field. 


TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION Vag, V, PD 

SPECIFICATION The amount of work done, by or against the 
electric field, in moving a unit Positive charge from point A in 
the field to point B. Measured in volt (V). See D.18.14. 

MATHEMATICAL EXPRESSION If Js is the work done in 
moving a charge q from point 4 to point B, 
Wan 


Vas = Vah = (E.18.8) 


NOTES (i) The potential difference between two points in an 
electric field is usually far more important than the other quanti- 
ties mentioned above. 

(ii) The work done in displacing a charge qı from point A to 
point B in a uniform electric field of intensity E is, from E.18.5, 


Was = q Е (га гв) (Е.18.9) 
RELATION BETWEEN POTENTIAL DIFFERENCE AND ELECTRIC FIELD 
STRENGTH Substituting the expression E,18.8 in E.18.9, we get 


Van = Ed (E. 18.10) 
where d is the distance between points 4 and В. 


LIMITATION This relation is true in this form only for a 
uniform electric field, 


D.18.14 Volt The SI unit of electric potential difference. 

TYPE OF QUANTITY Derived S] unit 

WRITTEN REPRESENTATION V 

SPECIFICATION The potential difference between two points 
inan electric field when one joule of work is done in moving a 
unit positive charge from one Point to the other. 

MATHEMATICAL EXPRESSION 


exe оше t 
1 volt — I coulomb 7С 1 (Е.18.11) 


18.3 THE ELECTRIC CURRENT 


The preceding section was devoted to the 
of stationary charged bodies, When cha 
viour is very different, and so are their е 


effects and. properties 
rges move, their beha- 
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D.18.15 Electric Current The flow of electric charge through or 
across a particular region in space or in matter 

TYPES OF ELECTRIC CURRENT There are two basic types of 
electric current. Direct current (DC) is observed when electric 
charge flows in one direction only throughout the time for which 
the current is produced. Alternating current (AC) is observed, 
when the direction of the flow of charge reverses itself over a 
definite time period. That is, for one half of the time, the charge 
flows in one direction, and for the other half, it flows in exactly 
the opposite direction. 


D.18.16 Electric Current Strength (or, simply, Current) The 
rate of flow of electric charge through a region or material. 

TYPE OF QUANTITY Vector; but treated as scalar. 

WRITTEN REPRESENTATION I 

SPECIFICATION Magnitude measured in ampere (A) (D.18.17). 
See Fig. 18.8 for direction. 

MATHEMATICAL EXPRESSION From the above definition, 


1= 4 (Е.18.12) 
[4 

Where q is the quantity of charge passing through a particular 

region in time ¢ 

Notes (i) Any flow of electric charge constitutes a current. 

hus, we can speak of a current when an electron moves around 
the nucleus of an atom, or when electrons travel through a 
metallic wire, or when they travel in a stream in a television 
tube, 

Gi) Electric current in a metallic 
negative charge (electrons). Earlier, 
to be due to the flow of positive charge. ] 

(iii) The current strength may be either constant or varying- 
Currents with constant magnitude are called steady currents. 
Those which have changing magnitude are called varying 
Currents, 


wireis due to the flow of 
current in wires Was believed 


TABL 


+ 


(b) 


Fig. 18.7 (а) In a metallic wire at 
any instant, as many electrons move 
right through a particular cross sec- 
tional area as move to the left. 
(b) When a battery is connected to a 
conductor, electrons move in orderly 
manner towards the positive terminal 
of the battery. 


Direction of electric current 


—— 
Q 06 =O 0 
(a) 


Direction of electric current 


Direction of flow of electrons (b) 


FIG. 18.8 Direction of electric 
current is one in which a positive 
charge will move. (b) In conductors 
the flow of electrons constitutes the 
flow of current, hence the direction of 
current is opposite to the direction 
of flow of electrons. 


в 18.1 Some sources of electric current, 


Process 


Source 


Dry cells, accumulators 

Thermal power plants 
energy. 

Nuclear power plants 


Hydroelectric generators 
electrical energy. 


Solar cells 


Convert chemical energy into electrical energy. 
Thermal energy from burning of coal is converted into electrical 


Convert mass energy during fission into electrical energy. 
Convert kinetic energy and potential energy of water in dams to 


Convert light energy into electrical energy. 
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lm 


FIG. 18.9 Definition of ampere— 
base SI unit 
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D.18.17 Ampere А base SI unit of electric current. 

WRITTEN REPRESENTATION А 

SPECIFICATION The magnitude of the constant current, which 
if maintained in two parallel, rectilinear conductors of infinite 
length and of negligible circular cross-section, and placed at a 
distance of one metre from one another in vacuum, will produce 
between the conductors a force equal to 2x 10-7 newton per 
metre of length. 


D.18.18 Cell An electrical component which converts chemi- 
cal energy into electrical energy. 

NOTES (i) Inside the cell the direction of the current is from 
the negative terminal to the Positive terminal. 

(ii) A cell also has a resistance. For a new cell it is low. As 
the cell is used, it increases, When the cell is completely dis- 
charged its internal resistance is very high and no current can 
pass through it. 


D.18.19 EMF or emf A measure of the potential difference 
between two terminals of a cell. 


TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION #, E 

SPECIFICATION The potential difference between two terminals 
of a cell when no current is drawn from it. Measured in 


volts (V). 


NOTES (i) The word EMF stands for electromotive force. 
This word is a misnomer 


D.18.20 Lost EMF A me 


asure of the change in ЕМЕ when a 
cell is in operation, 
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TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION No fixed symbol. 

SPECIFICATION The difference between the EMF of a cell and 
the potential difference between the two terminals of a cell when 
current is drawn from it. 

MATHEMATICAL EXPRESSION 

Lost EMF = EMF —PD between cell terminals when 
it is used 
Notes (i) The lost EMF is always positive. 

(ii) EMF decreases because part of the EMF is used up in 

driving current through the cell. 


D.18.21 Electrical Conduction The property of some materials, 
usually in the shape of a wire or a rod ora plate, by virtue of 
which an electric current can pass through them. 


TYPES ОЕ CONDUCTORS 

(а) Good conductors Those materials which can conduct an 
electric current easily and efficiently (without much loss of 
energy). For these materials the resistance (D.18.24) is very small. 

EXAMPLES All metals. 

(b) Bad conductors (or, Insulator. 
cannot conduct a current easily or € 
these materials under normal conditions is very 

EXAMPLES Wood, glass, plastics, etc. 


s) Those materials which 
fficiently. The resistance of 
high. 


D.18.22 Ohmic Conductor (Ohmic Device) An electrical con- 
ductor for which Ohm’s law is valid (graph between Vand Iisa 
Straight line). 

EXAMPLES All metals and alloys. 
D.18.23. Non Ohmic Conductor (Non Ohmic Device) An electrical 
conductor which allows flow of current but Ohm’s law is not , 
valid (graph between V and Z is not a straight line). 

EXAMPLES Vacuum tubes (diode D.20.14, triode D.20.19), 
Semiconductors (transistors). 


simply, Resistance) A measure 


D.18.24 Electrical Resistance (or, 
to which they oppose the 


of the property of all materials due 
flow of electric current through them. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION Usually R 

SPECIFICATION Magnitude measured in ohm (2). 

Notes (i) All materials (whether good conductors, bad con- 
ductors, or non-conductors) posses resistance. 

(ii) There is no material, at room temperature, for which 
resistance is zero. However, at very low temperatures some sub- 
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Potential 


т |! divider 


(b) 


— PD 
(c) 

Fig. 18.10 Verification of Ohm's 
law. Set up the circuit shown. The 
applied potential difference can be 
changed either by using different 
number of cells each time or by using 
a potential divider arrangement. 
Change the PD and note the current, 
A. graph between PD and Tris ^g 
straight line, with slope being equal 
to the resistance, 
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stances can have almost zero resistance. Such materials are 
known as superconductors. 

(iii) Resistance can also be defined through Ohm's law (Law 
21), which provides a relation between current, potential diffe- 
rence and resistance. 

(iv) The current in a metallic wire is due to the flow of 
electrons. These electrons while moving in the conductor collide 
with the atoms of the lattice and thus their movement is impeded. 
This obstruction to the movement of the electrons due to 
collision with atoms is the cause of resistance in the conductor. 


Law 21: Онм”$ Law 
The potential difference across t 
is directly proportional in 


through it, provided the temperature of the conductor and all 
other physical conditions remain unchanged. 


he ends of an electrical conductor 


or V — IR (E.18.13) 
NOTES (i) Ohms's law is valid when an electric current flows 


through a material body. When electric charge passes through 


air or vacuum [e.g. in a flash of lightning, or in an electronic 
tube like the triode] the current does not obey Е.18.13. 


(ii) Ohm's law is applicable to all electrical circuits involving 
ordinary conductors and resistors, 


(iii) Ohm's law (E.18.13) is true only when the conduction of 


current does not cause heating (i.e. when the temperature of the 
conductor remains close to room temperature). 


D.13.25 Ohm А unit of resistance, 

TYPE OF QUANTITY Derived SI unit 

WRITTEN REPRESENTATION Q 

SPECIFICATION The resistance offered by a conductor when a 
current of one ampere flows across a potential difference of one 
volt applied between the two ends of the conductor (see Ohm's 


MATHEMATICAL EXPRESSION 


= _lvolt _ 3 
1 ohm = I ampere = у Аг! (Е.18.14) 
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(ii) Ко L (А = area of cross-section of wire) 
or, Rap + (E.18.15) 


p is the constant of proportionality (D.18.27). 


D.18.27 Specific Resistance—Resistivity A characteristic electri- 
cal property of a substance. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION No fixed symbol (p in this book). 

SPECIFICATION The resistance between the ends of a conduct- 
ing wire of length 1 m and uniform cross-sectional area of 1 m?. 


Measured in ohm-metre (2m). 


D.18.28 Electrical Resistor A device consisting of a conductor 
or nonconductor, usually in the shape of a wire, which offers 
resistance to a current. 

PICTORIAL REPRESENTATION See Fig. 18.11. 

FIXED AND "VARIABLE RESISTANCE For practical reasons, 
resistors are designed to provide either a fixed magnitude of 
resistance ora variable magnitude of resistance. Fixed resis- 
lance is shown in Fig. 18.11(a), 
resistance is shown in Fig. 18.11(b). 


while that with variable 


18.4 ELECTRICAL CIRCUITS 
Electrical circuits are basically designed for convert 
energy into other useful forms of energy. 


simply, Circuit). Ап arrangement 
etc. such that a current can 


ing electrical 


D.18.29 Electrical Circuit (or; 
of electrical conductors, resistors, 
flow through all its parts. 


CiRCUIT ELEMENTS ; 
An electrical circuit is essentially made of the following parts. 

l. Source of EMF—Source of potent ial difference—Source of 
electrical energy It drives a current pus the circuit. 

EXAMP] C from mains, generator. б - 

2. Н electrical circuit must contain some resis- 
tors. If no resistors are present, a very large current will flow 
through the source and may damage it. 

NOTE In these circuit elements mos 
is converted into heat energy. 

3. Connecting wires These are та 
аз copper or aluminium. 


t of the electrical] energy 


de of good conductors such 
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TABLE18.2 Specific resistance 
(p) of some materials 


Material p(Qm 1) 
Alcohol. . 3x10 
Aluminium 2.82x 10-5 
Bakelite 5x108 
Copper 1.75 х 107% 
Glass 2x10! 
Gold 2.44х 1078 
‚ Iron 7x1078 
Nichrome 100 x 1078 
Nylon 4x10! 
Silver 1.59 x 10-8 
Water =105 
Wood 5x104 


Fixed resistance 


Rheostat 

FIG. 18.11 (a) Pictorial representa- 
tion of a fixed resistance. (b) Rheostat 
is an appliance to give variable resis- 
tance. It has a coil of resistance wire 
with a sliding contact. The resistance 
in the circuit is the resistance of the 
wire between points A and B. 


—4 


(a) Circuit 


(b) Not a circuit. 


FIG. 18.12 An electrical circuit is 
an arrangement of electrical compo- 
nents such that current passes through 
all of them simultaneously. 
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—]1-— fife 


Cell Battery 


—()— —мм— 


Key Fixed resistance 
Rheostat Variable 
resistance 


©- -© -9- 


Galvanometer Ammeter Voltmeter 
A = 
Switch Connecting Wire not 
wire joined 


FIG. 18.13 Symbols used for elec- 
trical components. 
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4. Measuring instruments The instruments Such as ammeter 
(which measures current in the circuit, D.19.24), voltmeter (which 
measures potential difference between two points, D.19.25), 


galvanometer (which detects presence of current in the circuit 
D.19.23) etc. 


D.18.30 Equivalent Resistance The resistance of a single resistor, 
which can be inserted in a circuit to replace two or more 
resistors without disturbing the current flowing through the 
circuit. Two cases of combining resistances are as follows. 

Case I: Resistors in series When resistors are placed in such 
a way that current flows first through one and then through the 
second and so on, the resistors are said to be in series. (The 


same current flows through all the resistors but the potential 
difference across each resistor is different.) 


According to Ohm’s law (see Fig. 18.14) 
V = IR, V2= IR, yz IR; 


(E.18.16) . 
From Fig. 18.14(a) 
V= Vi Vit V; = КЕЕ, В) (E.18.17) 
From Fig. 18.14(b) Й 
V = IR ` (E.18.18) 


Comparing E.18.17 and E.18.18, 
R=R,+R,+R;3 

For many resistors in series, the equivalent resistance is 
R= R,+R.+R3+... (E.18.19) 


К = К,+8,4- 8, 


(b) 
FIG. 18.14 Resistances in series, 


NOTE The equivalent re 


N sistance is more than the individual 
resistances, 


through each but all of them 
are at the same potential difference. 


9) 
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According to Ohm's law (Fig. 18.15), 


y 


һ= р L=% 


ds 
К’ 
From Fig. 18.15 (а) 
Io tatit (s ink) 
From Fig. 18.15(b) 
V 
LER. 


Comparing E.18.20 and E.18.21, 
1 1 1 1 
R. Ri R tr 
For more than three resistanc! 
resistance is 


Tru ae 
um +z Жа dE 


25 


R 


NOTE The equivalent resistance is less than th 


individual resistance. 


es in parallel, the equivalent 


(E.18.20) 
Q) 
(v) 
(E.18.21) 
| 
(a) 
za doge gud 
DU R Ra RG 
1 
(E.18.22) 
І 
e smallest (5 


FIG. 18.15 Resistances in parallel. 


SOLVED EXAMPLES 


(Note: Wherever necessa 


the periodic 


EXAMPLE 18.1 The first element of 
electron 


table, hydrogen, has a proton and an 
Separated by an average distance of 5. 
The proton has a charge of. +1.6 X 107? C and 
the electron charge is — 1.6 107° С. Calculate 
the electrical force between the electron and 
Proton. Is the force attractive or repulsive? 

Solution q, = +1.6 x107" C, 42 = —1.6x 
1079 Cand r = 531071 C, From Coulomb's 
B aw, 


Е К ga 
r 


= 9x 10° Nm? C? 
—1.6x1079 CX1.6x 02C 
Д (5.31071 m)? 


= —82x10N. 


3x 107!!m. 


ry take K = 9x10 N m? C) 


Since the sign is negative the force is attractive. 
Answer The magnitude of the force between 
the electron and proton in a hydrogen atom is 
8.2x 107? N. The force is attractive. 
NOTE The gravitational force between the 
electron and proton in a hydrogen atom is 
3.61 X 107^ N (see Example 4.17). 


EXAMPLE 18.2 The repulsive force between two 
electric charges 0.01 m away from each other is 
4 N. The two charges are brought closer until 
the force of repulsion becomes 16 N. What is 
the new separation? 

Solution Let the two charges be q, and q2. 
From Coulomb's law, 


— д 94: 
Е= КФ 


pio Ог Кад = Fr? 
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First case F= 4 N andr = 0.01 m. 
Kqiq2 = 4 N x (0.01 m)? = 4 x 1074 Nm? 
Second case Е = 16 Nand r is to be deter- 
mined. 
Kqig; = 16 N хг?, 
Substitute the value of Kq,g2 to obtain 
16 N Xr? = 4x 104 Nm?, 
г? = 107 m2/4, 
r = 0.005 m. 
Alternative method If F,, rı are the force and 
separation in the first case and Fy, г, are the 
force and separation in the second case, then a 
straightforward application of Coulomb’s law 
gives Far? = Fir2. Substitute the various values 
to obtain r?, 
Answer The new separation between the two 
charges is 0.005 m. 


or 
or 


EXAMPLE 18.3 Two charges 5:107? C and 
15X10*!! C are placed one metre apart. Deter- 
mine the electric intensity at а point midway 
between the two charges. 


9 = 15x10- C 


e E, 4—%Е, e 


[^ A 


4—05 m— —— ——0.5 memey 


q = 5x10" c 


FIG. 18.16 Example 18.3. 


Solution qı = 5x 1079. С, and q; = 15x 
107! C. The magnitude of electrical intensity 
due to a charge q at a distance r is E — Ка[г?. 


E, = electrical intensity due to qı at point B 
= 9x10 Nm? С-2х5х10-0 С 
> Oo Ош у 
> = 9 NC"! directed towards the point C 
2 


= electrical intensity due to 42at point B 
= 2X10 Nm? Cx 15x 19-1 m 
= 5 I5XI0 !!m 


= 2.7 МС! directed towa 
The electrical intensities E 
to each other, Hence fro 
of vectors (see Chapter 


tds the point А. 
1 and Ez are opposite 


m the law of addition 
2, Vol. 1), 


REVISION IN PHYSICS 


E = resultant of E, and E2 
= E, -E; = 9 МС”! directed toward C— 
2.7 NC™ directed towards А 
= 6.3 NC"! directed towards C. 
Answer The electric intensity at the given 
point is 6.3 NC"! directed towards the charge 


15X10-! C, along the line joining the two 
charges. 


ExaAMPLE 18.4 An electron is placed in an 
electric field of uniform intensity 10* NC7! (such 
a field exists in TV tubes, X-ray tubes, tube 
diodes, etc). Calculate (i) the force on the elec- 
tron, (ii) the work done on the electron in 
moving through a distance of 5 mm, and 
(iii) the acceleration of the electron. Mass of the 
electron = 9.1 x 10-3! kg, 
Solution E= 10* NC! 
s= 5mm = 0.005 m, e = 
(i) Force = 


‚т —9.1x107! kg, 
: —1.6x107? С. 
charge x electron intensity — Eg 

= —10*NC™x1.6x 10-19 c 

= — 1.61075 N, 
(i) Work done = force x distance moved 

= Eqs = —10* NC"! 
X1.6X107? Cx0.005 m 


=E LOT! 
(iii) From Newton’s second law of motion, 
MEM A —L6x10-5N 
m 9.1X 103! kg 
= —1.8x1055 ms72, 
Answer The force on the electron is 


—1.6X10"5 N, work done by the field is 
—8X10-!5 J and acceleration of the electron is 
—1.8x 105 ms72, 


EXAMPLE 18.5 Calculate the electrostatic poten- · 
tial energy of a system in vacuum having two 
charges —0.30C and 6.0C. The distance bet- 
ween the two charges is 120 cm. s 

Solution qı = 0.3 C, 92 = 6C and r= 120 
cm — 1.2 m. 


= — Ка? 
г 
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9x10? Nm?C-? x(—0.3 C) x6 С 
CE 12m 


= 1.35x 10! J 
Answer The electrostatic energy of the 


System is 1.35 x 10!? J. 


EXAMPLE 18.6 A charge of magnitude 1070 C 
is moved from infinity to a given point in the 
presence of another charge. If the work done is 
1078 J, calculate the potential at the given point. 
Solution W = 107% J, and д = 10-7 C. 


5 Ww 
Magnitude of the potential — TE 


| .103J _ M 
=тб-юс = 100 JC“. 
Answer The magnitude of the potential at 
the given point due to the other charge is 
100 J C-!, 


ExaMPLE 18.7 The potential at а point 4 is 
300 J C~! and at point B is 500 J C~. Calculate 
the potential difference in volts between points 
B and A. What will be the work done by a 
charge of 10 C in moving from point B to 
point 4? А 
Solution V, = 300 JC^!, Vg = 5007 Cil; 
and q = 107? C. 
Vs, = potential difference between point B 


and point А = Va—Va x 
= 500 J C-1—300 J C"! 


= 200 V. 


Further, 
eH BASE 
Yaa = "charge? ^. 
Waa = work done in moving the charge from 
Bto A 
= Vg xq = 200 V x10? € = 022 7. 


Answer The. potential difference between 
Point B and point А is 200 V and tbe work done 
in moving the given charge from B to Ais 0.2 J. 

NOTE If the charge is moved from point А to 
point B then the work done is —0.2 J. 


EXAMPLE 18.8 Most of the functions of a 
biological cell like movement of fluid from 
inside the cell to outside and vice versa are 
governed by electrical phenomena. There exists, 
in general, a net negative charge on the inside 
of a cell while the fluid outside the cell contains 
positive charge. The charges are separated by a 
yery thin cell membrane, which is about 
1.5 х 108m thick. If the potential difference 
across the cell membrane is 88 mV, determine 
the electric field strength across the membrane. 

Solution Vas = 88 mV == 0.088 V and 
а= l.5p cm = 1.5X10 m. The electric field 
strength — potential difference/separation bet- 
ween two points. 

Vas _ _ 0.088 V 
CUTE 1.5х107 m 
= 59x 10° V m. 

Answer The electric field strength between 

the two sides of the nerve membrane is 5.9 x 10° 


У m^. 


EXAMPLE 18.9 In the human body, whenever 
any information is exchanged between two parts 
oran organ completes some action, there is 
always a flow of current. For instance when the 
heart is full of blood and is about to pump it into 
the artery, a current passes through the heart 
muscles. This current causes contraction of the 
heart, and consequently blood is pumped into 
the respective artery. It is observed that a 
current of the order of 107" A exists for about 
0.16s. If we assume that this current is due to 
the flow of electrons, estimate how many 
electrons would have passed through the heart 


muscles? 


Solution 1— 10! A, and t=0.16s. We 
know that, 
_ charge flowing 
Current — time , Or 
Charge flowing = Jt = 107! А x 0.16s 
= 1.6 x107? С. 


Number of electrons flowing 
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.. charge flowing 
__ charge of electron 
.L6xlo0?C _ 
OXI 
Answer The number of electrons passing 
through the heart muscles is 107, 


107. 


EXAMPLE 18.10 What should be the potential 
difference across a 202 resistance if the current 
through the resistor is 0.2 A? 


Solution R = 200 and I = 0.2 A 
V = IR = 209 x 0.2 A 
=4V. 
Answer The potential difference across the 
resistor should be 4 V. 


ExAMPLE 18.11 Calculate the equivalent resis- 


tances of the following combinations 
(Fig. 18.17a), 
R, R, Rs 
ware 
R — 10 R, 
R,-29 


TE ta 


Ш 
К; 


а R R R, 
RU. cmm ©) ENERO C E 
EN 
(b) 1:50 y. 


FIG. 18.17 Example 18.11. 


Solution К = 19, R; = 20, and R; = 30. 
Case I: Three resistances are in series. For 
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such a combination we know thatthe effective 
resistance R is 
R= Rı+R+R; 
= 12422432 = 60, 
Case II: Here three resistances are in parallel 
because different current exists in each one of 


them. The effective resistance, R, for such a 
combination is, 


dics ӨЙҮ ledit 
R [ОЕТ УЕ; 
= t,1,1 6+3+2 
= 10120130 = 60 
R= (6/11) Q. 


Case Ш: This combination can also be drawn 
as in Fig. 18.17b. We see that this is a mixed 
combination. Two resistances of 22 and 32 are 
in series. This series combination and the 12 
Tesistance are in parallel. For the series combi- 
nation, 

R4 = R+ R; = 22430 = 50. 
For the parallel combination 


bMS Mies 1o See ligule $i or 
КЫ тте то р АА 
ог к= 20 


Answer Тһе effective resistances аге (i) 60, 
(ii) (6/11), and (iii) (5/6)Q. 


EXAMPLE 18.12 Calculate the effective resis- 
fance, current in each resistance and potential 


difference across each resistance of the circuits 
shown in Fig. 18.18. 


d 


15V 
(b) 


Ri =22 R,=39 R =30 
(a) 
FIG. 18.18 Example 18.12. 
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Solution Case І: Since the three resistances 

are in series, the effective resistance R is, 
R= Ri+Rot- Кз = 22+32+42 
= 99. 
The potential difference between the points A 
and D is Vap = 1.5 V. Let J be the current in 
the circuit. Then from Ohm’s law, 
ТЕБ УИА 
== А. 

Now apply Ohm's law to the individual 
resistances 


_ Van _ 15V 
fae ERIS 


1 1 
Van = КИ = 29x Asian 

1 1 
Vac = Rol = 39x c A= eM 

1 2 y 
Vep = Rs = 40х-— А = зу . 


Case II: Here the three resistances are in 
parallel. The effective resistance R is, 


1 pi 1 1 1 = 1 4 pesi 
R Ку R Rs 20 3Q 2 
ог, R= 


Let д, Г. and J; be the current in the resistances, 
Ri, Ro and R; respectively. Apply Ohm’s law to 
the individual resistances. 


— Yan _ 15У 0,75 А 
h niu 52920 À 
— Van _ 15V_05A 
= 92 ug ; 
— Van _ 1-5 V 9384. 
I 0 0: 


Answer For first combination: effective resis- 
tance is 90: current in each resistance is (1/6) А; 
and the potential difference across 22, 32 and 
40 resistances is (1/3) V, (1/2) V, and (2/3) V, 
respectively. 


с For second combination: effective resistance 
is (12/13); potential difference across each 
Iesistance is 1.5 V; and current in 22, 30 and 
АО resistances is 0.75 A, 0.5 A and 0.38 A 
respectively, 
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NOTE Check that in case I, VAn = Vas + Vac 
+Vep and in case II, I = Z;d-D24-I5 = Vap/R. 


ExAMPLE 18.13 Two positive charges of magni- 
tude 2 C and 3 C are placed 0.1 mapart. Find 
the electric potential at a distance of 0.10 m on 
the right bisector from the line joining the two 
charges. See Fig. 18.19. Н 


U 
FIG. 18.19 Example 18.13. 

Solution RU=(1/2)RS=0.05 m, RT? = RU? 
+UT? = 0.01 m?+0.0025 т2. Or RT= V 125 
x10- m. The potential V due toa charge Q 
at a distance r is 

V=K Q 


mm 
V, at T due to the charge at R is 
9x10 Nm? C7x2C 


M 125x107 m 
18 x 10!! 
= == Сг 
У 125 


V; at T due to charge at S is 
9x10 Nm? C?x3 С 
V/ 125x107? т 

_ 27х10 

V 125° 

Since potential is a scalar quantity, total poten- 
tialat Tis simply the algebraic sum of V, and V2, 
18х10 ca 27х10" 


С 


= +, = —— ue -1 
V i V2 A125 135 JC 
45х10 
= —— JC! 
У 125 
Answer Тһе potential due to the two charges 
х 11 
at the given point is 45x18 Jeu 


V125 
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EXAMPLE 18.14 In the circuit diagram given in 
Fig. 18.20 find (i) the total resistance of the 
circuit, (ii) the total current flowing in thc 
ammeter, and (iii) the readings of voltmeters V1 
and V2. 


FIG. 18.20 Example 18.14. 


Solution R, = 0.90, R, = 6.00, К; = 9.00 
and ЕМЕ of the cell = 4.5 V. 


(i) Let the equivalent resistance of R2 and Ёз, 
being in parallel, be R4, then 


1 1 1 
Rh Ra, | Rs 
or, 


= RR 90х69 _ 
MRR jsp = 360 
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The resistance R; is in series with R4. Hence the 
total effective resistance is 


R = 0.90--3.69 = 4.50. 


(ii) Let J be the reading of the ammeter. It 
will be the same as the total current in the 
circuit. From Ohm's law 


y 
or D Rm ADT 


‚ (iii) The reading in voltmeter V1 is the same 


as the potential difference across the points A 
and B in the circuit. Hence, 


Vas = Potential difference across points A 
and B 


= RI = 0.99 x1 A – 0.9 V. 
The reading in voltmeter V2 is the same as the 


potential difference across the points B and C. 
Hence, 


Vac = Ril = 3.621 A = 3.6 V. 


Answer The total resistance and the current 
in the circuit are 4.5Qand 1 A respectively. The 
readings of voltmeters УІ and V2 are 0.9 V 
and 3.6 V respectively. 


PROBLEMS 


18.1 Inan NaCl molecule, an Na+ ion with charge e 
is 2.4 x 10^ m from a Cl- ion with charge —e, 
What is the magnitude of the force between 
them? 

18.2 А cell membrane 10-* m thick has positive ions 
on one side and negative ions on the other. What 
is the force between two ions at this separation? 
The magnitude of charge on each ion is e. 

18.3 When a person slides across an automobile seat 
and reaches for a door handle, electric charge 
can accumulate on the finger tips. If the attrac- 
tive force between the fingers and the door 
handle is 2.5x 10-* N at a separation of 25 ст, 


determine the number of electrons accumulated 
on the fingertips. Assume that the number of 
charged particles is the same on the fingertips 
and the door handle. 
NOTE Asimilar phenomenon occurs when one 
walks over a carpet to reach a door. In medical 
Operation theatres, build up of such a static 
charge can be dangerous as anaesthetic chemicals 
can explode due to a spark. 

18.4 A charge of magnitude 10-19 C js placed 107? m 
away from another charge of magnitude 5x 10^ 


C. Find the magnitude of the force between the 
two charges. 
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18.5 


18.6 


18.7 


18.8 


18.9 


18.10 


18.11 


18.12 


18.13 
18.14 


18.15 


18.16 


18.17 


How far apart must two charges of 10-* C and 
9x 10-5 C be placed if the force on each of them 
is to be 10 N? 

Two equal charges 10-5 m apart exert а force of 
3.6 N on each other. What is the magnitude of 
the charge? 

Three 5 mC charges are placed in a straight line 
50 cm apart. Find the force on the centre charge 
if (i) all the charges are negative, (ii) the two end 
charges are negative and the centre one positive, 
and (iii) only one end charge is positive. 

How many electrons make up 1 ct 

What is the total charge in coulombs of а body 
of mass 1 kg entirely made up of protons? (Mass 
of proton = 1.6x 10-** kg.) 

The force between two charges ata certain dis- 
tance of separation is 10-* N. What will be the 
force if the distance between them is (i) doubled, 
and (ii) decreased to one-fourth? 

Determine the force on charge д; of Fig. 18.21. 


A B 
fmm AB = 30cm 
а 4s | BC = 30ст 
а, = 1C ! 
Ф = 6C | 
qa = 4C | 


I 
a@c 
FIG. 18.21 


The charge on the Uranium nucleus is 92e. (a) 
What is the direction and magnitude of the 
electric field strength due to the nucleus at a 
distance of 10-5 m from the nucleus? (b) Deter- 
mine the direction and magnitude of the force on 
an electron at this distance. а 
What is the force on an electron In 
105 NC-:2 

Calculate the electric field strengt 
10- m from a charge of magnitude 10> С. 

At what distance from a charge of magnitude 
10-2 C, will the electric field strength be 225x 
10° NC-'? 

Two charges 6 ЏС and 
Find the electric field strength 
them. ^ 
The electric field strength ata point 4 is 30N 
due south. (i) What will it be if the sign of the 
charge is changed? (ii) What is the sign of the 
charge (which produces the field) if it is (a) to 
the south, (b) to the north of the point 4? 


a field of 


h at a point 


—3 uC are 60 cm apart. 
midway between 


18.18 


18.19 


18.20 


18.21 


18.22 


18.23 


18.24 


18.25 


18.26 
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Calculate the potential at a point 10 cm from a 
positive charge of magnitude 10-5 C. 


If the potential ata point is 2 JC-*, determine 
the amount of work done in bringing a charge 
of 2 uC from infinity to that point. 


Find the potential at the point 4 in Fig. 18.22. 


FIG. 18.22 


How much work is done in moving (i) a charge 
of 2C from a point at 118 volts to a point at 128 
volts? (ii) one coulomb charge against a potential 
difference of one volt. 

Two charges q, and 4: of 4 ШС and —3 uC res- 
pectively are placed 0.6 m apart such that дз is 
to the left of qı. Calculate the potential at a 
point (i) equidistant from both the charges, (ii) 
0.3 m to the left of ga, and (iii) 0.4 m to the right 
of qı. All the three points lie on the line joining 
the two charges. 

А carbon nucleus has a charge of +6e. At a dis- 
tance of 10-!° m from a carbon nucleus find (a) 
the electric potential, (b) the potential energy of 
an electron. 3 
Determine the potential difference between two 
points 4 and B if the work done in moving a 
unit positive charge from infinity to point 4 and 
B is 40 JC— and 60 JC-! respectively. 

Two parallel metal plates are connected to a 
3.0 V battery. How far are the plates from each 
other if the field between the plates is 150 Vm-'? 
What would be the force on an electron between 
the plates? 

The potential difference between two metal 
plates placed parallel to each other in vacuum is 
182 V. How fast will an electron be moving just 
before hitting the positive plate, if it is released 
at the negative plate? (Mass of electron = 9.1 x 


107 kg.) 
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18.27 


18.28 


18.29 
18.30 


18.31 
18.32 
18.33 


18.34 


18.35 


18.36 
18.37 
18.38 
18.39 


18.40 


18.41 


18.42 


18.43 


18.44 


Through how large а potential difference must 
an electron fall if it is to acquire a speed of 
4x 105 ms-! (use the relation eV = 1 my 
The electric field strength between two parallel 
plates is 500 Vm-". If the plates are 20 cm apart, 
what is the potential difference between the two 
plates? 
Ina two cell flashlight about 1.08 C of charge 
passes any given point of the flashlight circuit in 
2.0 s. What is the current in the circuit? 
An X-ray tube operates for one-fifth of a second 
at 100 mA. How much charge has passed 
through the tube? 
10 C of charge passes through a particular sec- 
tion of a circuit in 105. What is the current 
through the circuit? 
lf the current in the circuit is 1.6 А how many 
electrons will pass through the circuit per 
second? 
10!? electrons pass through a point іп 10-5 s. 
Find the current in the circuit? 


А certain atom-smashing machine operates at a 
potential difference of 1 MV and gives a current 
of 1mA. How much charge does it provide in 
1 hour? 

Determine the potential difference across a resis- 
tor of 1002 carrying a current of 3 A. 

A certain toaster operates with a current of 6.0 A 
when the voltage across it is 220 V. What is the 
resistance of this toaster? 

Calculate the current through a resistor of 4.0 О. 
Given that the potential difference across the 
resistor is 1.50 V. 

What will be the resistance of a wire which 
carries a current of 0.6 A when the potential 
difference across it is 1.8 V? 

A 12 volt car battery provides a current of 48A 
when the car is being started. Calculate the 
resistance of the starter. 

Determine the effective resistance between points 
A and B of the circuits shown in Fig. 18.23. 


Four 3.09 resistances are connected in series 
with a cell of ЕМЕ 1.50 V. What is the total resis- 
tance? Determine the current in the circuit and 
the potential difference across each resistance. 


Two 42 resistances are connected in parallel 


with a cell of voltage 3 V. Calculate the current 
in each resistor. 


Two bulbs of resistances 1000 2 and 1200 Q in 
series are connected to a supply of 220 V. How 
much current will flow through each of them? 

Ata point 4, the electric field strength points 
(i) due north, (ii) due south and (iii) along the 


REVISION IN PHYSICS . 


A B 
(a) (b) 
20 3R 40 
62 60 
A B 
A: 62 B 
(c) (d) 


18.45 


18.46 


18.47 


18.48 


FIG, 18.23 B 


negative x-axis. In which direction will an elec- 
tron move if it is placed at A? 

Three resistances of 32 are connected to each 
other. Find the maximum and minimum resist- 
ances obtainable. 

The physiological effects of an electric current 
on the human body depend on the magnitude of 
the current. The various effects are as follows. 


Current through Physiological effect 
human body (A) 


ied Beginning of feeling. 

X Maximum harmless Current 

0.007 to 0.015 Not possible to withdraw 
hand from the wire (paraly- 
sis). 

0.050 Pain, fainting, exhaustion, 

0.1 to 0.3 Ventricular fibrillation, 

above 0.3 


Ventricular paralysis 
burns. 


and 


The dry human body resistance is about 10 0002 
(for wet skin it can decrease drastically), Calcu- 
late the corresponding potential difference which 
will send the above currents. 

Find the resistance of a square biological cell 
membrane of side 1.00 um and 7.5010 m 
thick. The specific resistance of the material of 
the cell membrane is 1.33x 107 Q m=. 

If the voltage across a cell membrane is 9.98 mV 
how much (i) current and (ii) electrons 
per second, would flow through the membrane. 
Take the relevant data from 18.47. 


NOTE : The movement of this large charge is the cause 


of most of the activities of a biological ceil. 
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18.49 


18.50 


18.51 


In 18.1 and 18.4 find the electrostatic potential 
energy of the system. 

A system of two equal positive charges has 
potential energy —9x10? J. If the separation 
between them is 25 cm, determine the magnitude 
of the charge. 

By what fraction will the electrostatic potential 
energy of an electrical system change if (i) one 
of the charges is doubled, (ii) both the charges 


18.52 
18.53 
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become one third of the original value, (iii) dis- 
tance between the charges is reduced by half, and 
(iv) one of the charges is reduced by half and 
simultaneously distance between them is doubled? 


Do Problem 18.51 for force between two charges. * 


The potential energy of an electrical system is 
(i) negative, (ii) positive. What is the sign of each 
charge? 


19 Magnetic Effects of 


Current 

Moving charges produce an effect known as magnetism, which 
has an important bearing on our life style. This effect is res- 
ponsible for production of electricity, working of computers; 
tape recorders, telephones, etc. 

N 
19.1 BASIC CONCEPTS 

(a) (b) 


FIG. 19.1 Two basic kinds of D.19.1 Magnetism A fundamental property of some substances 
magnets, (a) bar magnet and (b) horse by virtue of which they attract small iron pieces; or a funda- 
shoe magnet. mental property by virtue of which a small bar possessing this 

property when suspended freely will always align itself in the 


north-south direction. 
| mE | NOTE АП material bodies are made up of molecules and 


atoms, which contain electrons. An electron is constantly moving 
(a) around and has two types of motion within the atom. 
(i) An orbital motion around the nucleus. 


(ii) A spinning motion (like the earth’s rotation about its oW” 
axis). 


Magnet needle 
(b) 
FIG. 19.2 Bring a bar magnet near Magnet 
iron filings. The maximum iron filings 
cling to the end of the bar and practi- 
cally none at the centre. This indicates 
that the magnetic properties of а bar 
magnet are concentrated at its ends. (a) (b) E 
FIG. 19.3 А bar magnet allowed to rotate freely about a vertical 277 | 
always comes to rest in that position in which its ends point approximate 
towards the eeoeraphical north and «onth nolee of the earth. ! 


MAGNETIC EFFECIS OF CURRENT 


These two types of movements of the electric charge on an 
electron give rise to magnetism. Similarly, when charge flows in 
a conductor a magnetic effect is produced. There is no magnetic 
effect associated with a stationary electric charge. 


D.19.2 Magnet A body or apparatus which can produce 
magnetic effect. 


D.19.3 Poles The regions of strongest magnetism inside a 
magnet. 


TYPE or POLES 
Every magnet has two poles. d 

(a) North pole The pole of the magnet which points approxi- 
mately towards the north pole of the earth when the magnet 1 
suspended and allowed to rotate freely. 

WRITTEN REPRESENTATION N-pole. ў f 

(b) South pole The pole of the magnet which points approxi- 
mately towards the south pole of the earth when the magnet is 
suspended and allowed to rotate freely. 

WRITTEN REPRESENTATION S-pole. Р / 

NoTES (i) Magnetic poles always occur in pairs. So fara 
single pole has not been isolated, unlike the-electric charge. 

(ii) The magnetic effect of the two poles that occur together 
are always equal. 
_ (iii) In commercial magnets, N 
15 painted grey. , и 

(iv) The pole inside а magnet is not a point but a region. 

(v) The poles are situated slightly inside the magnet and not 
exactly at the ends. 


-pole is painted red and S-pole 


D.19.4 Magnetic Force The force which a magnet exerts on a 


magnetic substance. magnetism 
3 : B test of gnetism. 

f ulsion is a sure 4 ^ 
NOTE The existence of rep gnet it will always be 


If the given magnetic substance is not а Magne” " 
attracted by a magnet. In case the given bar is a d Л 
end of it will be repelled and the other end will be attracted by a 
magnet. 


D.19.5 Magnetic Field The region around a magnetin which 


it is capable of exerting a force. А 
NOTE In common usage the word magnetic field is also used 


to refer to its strength. 


D.19.6 Magnetic Line of Force—Field Lines A line in a magne- 
tic field along which a unit positive north pole will move. 
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FIG. 19.4 Cutting a magnet into 
two pieces. Each piece acts as a 
magnet having N and S poles in the 
same orientation as the original 
magnet. 


Like poles repel 


RON 


(а) 
Unlike poles attract 


— ^ 
o 


(b) 
FIG. 19.5 (a) Two like poles of a 


magnet repel each other. (b) Two 
unlike poles attract each other. 
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FIG. 19.7 The direction of the 
magnetic field at any point is the 
direction of the magnetic force on a 
unit north pole. It is always along the 
tangent to tbe line of force at that 
point (the magnetic needle will point 
in this direction). 


“Plotted line of 
force 


FIG. 19.8 Plotting magnetic lines 
of force, (a) Take a big sheet of paper 
and place a magnet over it. Draw a 
line to mark the position of the 
magnet. (b) Place a magnetic needle 
near the north pole and mark by dots 
(1, 2) the position of the two ends of 
the needle. (c) Now move the magne- 
tic needle such that its tail is near the 
point 2. Mark again the position of 
the two ends of the needle. Continue 
this till you reach the S-pole of the 
magnet or the last dot goes out of the 
paper. Join all the points by a line. 
This is a magnetic line of force. 
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Magnetic lines of force 


FIG. 19.6 Magnetic lines of force, Place a magnet on cardboard and 
sprinkle some iron filings on it. On tapping the cardboard gently, the iron 


filings arrange themselves along lines which are known as magnetic lines of 
force. 


PROPERTIES (i) The direction of the lines of force is always 
taken to be from the north pole to the south pole. 

(ii) Two lines of force can never Cross each other. 

(iii) For a magnet these start normally from one surface and 
end normally at the other surface. 


(iv) The density of lines in any particular region is a measure 
of the magnetic field Strength in that region. 


D.19.7 Neutral Points The points ina magnetic field at which 
the magnetic force is zero. 


PICTORIAL REPRESENTATION X 
Notes (i) A neutral point is formed by the interaction of two 
magnetic fields at a point where the two fields cancel each other. 
(ii) For a single magnet, neutral points are formed where the 
magnet's magnetic field cancels the earth's magnetic field. 
(iii) Every magnetic field has at least 
because of its interaction with the earth’ 
(iv) A magnetic needle placed at a ne 
in any particular direction. 


two neutral points 
s magnetic field. 


utral point will not point 


19.2 MAGNETIC EFFECTS OF ELECTRIC CURRENT 


For a long time it was thought that electricity and magnetism 
are two different phenomenon having no connection with each 
other. The discovery that a magnetic field can be produced by а 


current carrying wire revolutionized the course of physics (see 
Fig. 19.10, Oersted experiment). 


D.19.8 Electromagnetism The magnetism produced by an 
electric current. 


MAGNETIC EFFECTS OF CURRENT 


Needle deflects 


C 


Needle points N-S 


SS 


x 
К) f 

x S 
(a) (b) 
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FIG. 19.9 The field pattern due to 


bar magnet. The point marked X is the 


Current off Current on 


(a) (b) 


FIG. 19.10 Oersted experiment. (a)A compass needle placed parallel 
їс a wire which does not carry current points north-south, (b). When the 
Current is switched on in the wire, the needle deflects until it almost 
becomes perpendicular to the wire showing that some force 15090 acting 
On it. As the magnetic needle can only be deflected by a magnetic force, the 
Current carrying wire must be producing a magnetic field. 


g Current-Carrying Wire 


D.19.9 Magnetic Field due to a Lon i a 
tric rings with centre at 


The lines of magnetic force are concen 
the wire, Fig. 19.11. 

_ DIRECTION Either from cork screw 
right hand grip rule, Fig. 19.12. 


rule or from Maxwell’s 


(b) 
rying wire. The lines of 


(a) 
FIG. 19.11 Magnetic field near a current саг 
force are concentric circles. 


NOTES (i) The direction of the lines of force depends on the 


direction of the current in the conductor. 


neutral point. 


Direction of 
current 


~ Direction of 
rotation 


(a) Cork screw rule 


\ 


(b) Maxwell's right hand rule 


FIG. 19.12 Direction of magnetic 
lines of force. (a) Cork screw rule. A 
screw is rotated such that it moves 
along the direction of the electric 
current. The direction of rotation of 
the screw gives the direction of the 
magnetic lines of force. (b) Maxwell's 
right hand rule. Grasp the wire in the 
right hand such that the thumb points 
in the direction of current. The 
fingers circling the wire are in the 
same orientation as the field. 
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(ii) The extent of the magnetic field depends on the strength 
of the current. 


D.19.10 Magnetic Field due to а Circular Coil The pattern of 
SSS the magnetic lines of force is shown in Fig. 19.13. 
VEG D.19.11 Solenoid A long coil of wire such that its length is 
great compared to its diameter. 


NOTE The wire is wound over a cylinder of nonconducting 
material. 


FIG. 19.13 Magnetic line of force 
due to a circular coil. Near the wire 
these are concentric circles, and at the 


centre, these are straight lines. Solenoid 


FIG. 19.14 A solenoid. 


D.19.12 Magnetic Field due to a Solenoid The magnetic field 
due to a solenoid is made up of the magnetic fields of a large 
number of coils in series. The resultant field is similar to that of 
а bar magnet. See Fig. 19.9(a) and Fig. 19.15 (c). 


(a) 


(b) 


FIG. 19.15 The magnetic field pattern due to two coils, 
direction. (c) The field pattern due to a solenoid. 


current being in (a) same direction, (b) opposite 


POLARITY OF SOLENOID See Fig. 19.16. 


NOTE The strength of the magnetic field depends on the 


material inside the hollow cylinder. If a-bar of soft iron is placed 


inside the solenoid, the strength of the magnetic field is greatly 
enhanced. 


MAGNETIC EFFECTS OF CURRENT 


19.3 ELECTROMAGNETS AND THEIR APPLICATIONS 


The phenomenon of electromagnetism has been successfully 
applied to produce magnets for the duration for which current 
passes through a conductor. Electromagnets find numerous appli- 
cations in electric bells, telephones, cranes for lifting objects, etc. 


D.19.13 Core The material over which the wire of a solenoid 
is wound. 

NOTE Usually the material of a core is soft iron because 
when current is switched off from the solenoid it loses its 
magnetism completely. If steel is used, it retains some of 
its magnetism which is not desirable in electromagnet 
applications. 


D.19.14 Armature A body, usually ferromagnetic, mounted so 
as to be capable of movement in the field of a magnet. 


D.19.15 Electric Bell—Buzzer An electrical device using an 
electromagnet to switch on and off an electrical current thereby 
activating a mechanism which produces à sound. 
CONSTRUCTION See Fig. 19.17. 
WORKING PRINCIPLE (Electric bel 
the electrical circuit is completed and th 


magnetism. The electromagnet attracts ч 
things happen. The hammer strikes the gong producing sound 


and the electrical circuit breaks. As soon as the circuit breaks 
the electromagnet loses its magnetism and consequently the 
armature returns back completing the circuit again. This process 
is repeated again and again till the button is not released. 

NOTE In a buzzer there is no hammer and gong. The sound 


is produced by the armature itself. 


1) when the button is pressed, 
e electromagnet acquires 
the armature and two 


D.19.16 Microphone A device to convert sound energy into 


electrical energy. 

construction See Fig. 19.18. 

WORKING PRINCIPLE * 
Phragm set it in vibration and the carbon granules are subjected 
to a variable pressure. When a compression of a sound wave 
falls on the diaphragm, the. distance between the two carbon 
discs decreases and, from E.18.15, the resistance 10 the circuit 
diminishes; consequently the current in the circuit increases. 
When a rarefaction falls on the diaphragm, the distance between 
the two carbon discs increases. From E.18.15, the resistance in 
the circuit increases which lowers the current in the circuit. Thus 
the sound wave produces а variable current in the circuit. The 


ing on the dia- 
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FIG. 19.16 Polarity of a solenoid 
ends. Look at theend of the solenoid. 
The end is an S-pole if current is 
going round the coil in clockwise 
direction. The end is an N-pole if 
current is going round the coil in 
anticlockwise direction. 


Contact adjusting 


m 


FIG.19.17 An electric bell. One 
end of the solenoid wiring is connect- 
ed to a power supply and the 'other 
end to an armature. The armature has 
a hammer which produces a sound on 
striking a gong. The armature is in 
contact with a contact adjusting screw 
and the power supply. 
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Magnetic 
alloy diaphragm 


Permanent 
magnet 
Soft iron 
pole piece 


FIG. 19.19 Earphone, It has a 
U-shaped magnet, formed by placing 
a small permanent strong bar Magnet, 
X, between two soft iron pole pieces 
B and D. Two solenoids of thousands 
of turns of very thin insulated wires 
are wound in opposite directions over 
B and D. A springy alloy diaphragm, 
А, is placed in front of U-shaped 
magnet. 4 is attracted by B and p 
and thus remains in permanent ten- 
sion. 
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Carbon 
granules 


85 m 


1 \ 


Speech current 


Battery 


Sound wave 


granules. A battery 
falling on the diaphragm cause C. 


frequency of this current, known as the Speech current, which is 


the output of the microphone, is the same as that of the sound 
wave. 


D.19.17 Earphone A device 
into sound energy. 
CONSTRUCTION See Fig. 19.19. 
WORKING PRINCIPLE When the variable Current (speech 


D. 19.18 Telephone 


A device that sends Sound signals from one 
place to another, 
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Receiver 


Battery 


аи! ll «c» 


Microphone | _. —-—--2322-7-7-7 
FIG. 19.20 A two way telephone circuit. It contains a recejver having a 
microphone and an earphone. The microphone is connected to the 
primary of the step up transformer and a battery. The earphone is con- 
nected to the secondary of the transformer. Two sets are connected to 
each other by lines. The step up transformer is used so that even low 
intensity sound waves produce appreciable voltage variation in the 


secondary and the sound energy is amplified before transmission. 


19.4 INTERACTION BETWEEN MAGNETIC FIELD AND Be 
ELECTRIC CURRENT (Force) 

We have seen that a current carrying conductor behaves like a forefinger 

magnet. Two current carrying conductors when placed close to (Field) 

each other will, therefore, exert a force on each other. Likewise A 


a current carrying conductor placed in a magnetic field will ex- 
perience a force. This principle is applied in constructing current GOES 
measuring devices, electric motors, etc. (Current) 


D. 19.19 Force Exerted by а Magnetic Field on a Current Carry- 
ing Conductor Since a current carrying conductor behaves as à 


magnet, it experiences a force when placed in a magnetic field. 


pa) 
e T no" hand rule. See FIG.19.21 Fleming's left hand 
SPECIFICATION Direction: by Fleming’s left rule gives the relative directions of 


Fig. 19.21. magnetic field, current and force. 
g! 
MATHEMATICAL EXPRESSION 


FEBIL (E.19.4) 


(b) Field of current (c) Resultant field 


(a) Uniform field ч d 3 i 1 y 

to a current carrying wire. (c) The magnetic field 
FIG. E magnet. (b) Field че 1 I : Bi el 
E R m E EN 5 a (b, due to a current carrying wire at aight angles to a uniform field. The 
lines of FERT Bn on one side of the wire than on the other side. This implies that the field is stronger on one 


i X 7i he wire. 
side of the wire. Hence a resultant sideways force w ill act on t 
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NOTE If the wire is parallel to the magnetic field, the force is 
zero. The force is maximum when the wire is perpendicular to 
the magnetic field. 


D. 19.20 Magnetic Induction A measure of the magnetic field 
strength. 

TYPE OF QUANTITY Vector 

WRITTEN REPRESENTATION B 3 

SPECIFICATION The force experienced by a conductor of 
length 1 metre carrying a current of 1A when placed in the 
magnetic field at right angles to the direction of the field. Measur- 
ed in newton per ampere per metre (NA^! m-! = Tesla), 


D. 19.21 Force between Two Current Carrying Wires Two 
current carrying conductors when placed close to each other 
exert a force on each other. 


A B P B 


Attractive Magnetic field Repulsive 
Force due to A force 


(a) (b) 
FIG. 19.23 Force between two wires. The lines of force due to a 
straight wire are concentric Tings. At the other wire the magnetic force is 


along the tangent to the circle, At point A in (a) the force is attractive 
and (b) the force is repulsive. 


SPECIFICATION Direction: by Fleming's left hand rule, 
MAGNITUDE See E. 19.1, 


MATHEMATICAL EXPRESSION 


BR М 
"d DR XE (E. 19.1) 


D. 19.22 Ampere E. 19.1 can be used to define current. If 
r=Im,h=L=1AandL= 1 m then 
F=2x107N, 


negligible circular cross-section, placed at 
in vacuum, will pro- 


orce equal to 2x 1077 newton 
per metre of length’, 


D. 19.23 Galvanometer A sensitive 


device to measure or detect 
small currents. 


MAGNETIC EFFECTS OF CURRENT 


WORKING PRINCIPLE See Fig. 19.24. 


TYPES OF GALVANOMETERS 
(a) Suspended coil galvanometer 
CONSTRUCTION See Fig. 19.25. 
WORKING PRINCIPLE The current 
produces a couple rotating the coi 
phosphor bronze wire. When the torsion couple in the phosphor 
bronze wire due to its elasticity equals the couple due to the 
current in the coil, the mirror stops rotating. The rotation in the 
wire can be accurately measured. 
Nore Usually the coil is wound 


passing through the coil 
] which in turn twists the 


on a nonmetallic frame. 


Torsion head to 
adjust zero 


Phosphor bronze 
suspension strip 
Permanent 


Current. 
carrying coil 


carrying 
coil 


Ə Loosely coiled 
lower strip 


FIG. 19.25 Suspended coil galvano- 
meter. A rectangular coil moves freely 
un the annular space formed by plac- 
ing a soft iron piece between the two 
poles of a permanent horse shoe 
magnet. The ends of the coil are 
soldered to two stiff wires. The coil is 
suspended by a phosphor bronze wire 
which in turn is attached to а torsion 
head. 


FIG. 19.26 Pivoted coil galvano- 
meter. The ends ofa coil, which is 
wound on а light aluminium frame, 
are joined to à pivot with jewelled 
end bearings. One end of the coil 
carries а pointer which moves over à 
scale. The counter couple is provided 
by two phosphor bronze springs. 


(b) Pivoted coil galvanometer 

CONSTRUCTION See Fig. 19.26. 

WORKING PRINCIPLE Similar to the sus 
meter. Here when the coil rotates the needle moves © 


pended coil galvano- 
n the scale. 


D. 19.24 Ammeter A pivoted type galvanometer calibrated to 


read current strength. 
_NOTES (i) An ammeter i 
circuit. 
(i) An ideal ammeter 
presence does not change 


s always connected in series in a 


has zero resistance. Therefore, its 
the current in the circuit. 
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FIG. 19.24 Principle of a galvano- 
meter. A rectangular coil. ABCD is 
placed inside a uniform magnetic field. 
When a current is passed through the 
coil, the force on the sides 4B and 
CD is zero because these are parallel 
to the magnetic lines of force. The 
force on theside AD is upward and 
on BC downward, by Fleming's left 
hand rule. Since the two forces are 
equal, a couple is formed which rotates 
the coil. 


[ej 


Low resistance 


(а) in parallel 
High resistance 
in series 


(b) 

FIG. 19.27 (a) Ammeter. It is a 
pivoted type galvanometer with a low 
resistance in parallei with the termi- 
nals. The total resistance of the 
ammeter is very small. (b) Voltmeter. 
lt is a pivoted type galvanometer with 
resistance in series. 
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permanent ог an elecromagnet 
copper wire, wound on an armat 
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D. 1925 Voltmeter A pivoted type galvanometer calibrated to 


read potential difference between two points. 


NOTES (i) A voltmeter is always connected in parallel to the 
circuit element. 


(ii) An ideal voltmeter has in 
not draw any current, and he 
difference between two points 


finite resistance. Therefore it does 
nce does not change the potential 


D. 19.26 Electric Motor A devi 
into kinetic energy. 
CONSTRUCTION See Fig. 19.28. 


ice to convert electrical energy 


through it. 


Permanent 


BUE No force 
N 
S 
Brush 
Commutator (fixed) 
(rotates) 
(a) (b) 
N 
S 
©) (u) 
FIG. 19.28 Electric motor. 


It consist of a powerful 


magnet (either 
) A rectangular coil mad 
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SOLVED EXAMPLES 


(woe wherever necessar 


ExaAMPLE 19.1 A magnet is placed vertically 
Over a paper. If the lines of force enter 
the paper from above, ata distance from the 
magnet, which pole of the magnet is placed 
over the paper? 


FIG.19.29 For Example 19.1 


Solution By definition, the magnetic lines of 
force travel from the north to the south pole. 
According to the question the lines of force are 
entering the paper. Thus the pole placed over 
the paper should be a south pole. 

Answer The pole placed over the paper isa 
South pole. 


EXAMPLE 19.2 What will be the magnitude and 
direction of the magnetic field if à wire 15 cm 
long carrying a current of 5 A in the south- 
north direction experiences a force of 3% 1072 N 
towards the east? 


Direction of current 


FIG. 19.30 For Example 19.2 


= 0.15 mand 


Solution T= 5 А, [— 15 cm 
n the 


F — 0.03 N. The magnitude of the force © 
Current carrying wire is given by 


y take £2 = 2x 107NA7) 


F 0.03 N 


ог, В = 7H = 5Ax0.15 m = 0.04 Tesla 


The direction of the field can be obtained by 
using Fleming’s left hand rule. Hold your left 
hand in such a way that the central finger, fore- 
finger and the thumb are at right angles to each 
other. Point the central finger towards the direc- 
tion of current, the thumb towards the direction 
of force. Then your forefinger points in the 
direction of the field. In this case the field is. in 
a direction perpendicular to the plane of the 
paper and coming out of it. 

Answer The magnitude of the magnetic field 
is 0.04 Tesla and is perpendicular to the plane 
of the paper and coming out of it. 


ЕхАМРІЕ 19.3 Two parallel wires carrying 
equal currents exert а force of 4x10. N on 
each other. If the length of the wires is 5 cm 
and the distance between them is 10 cm, deter- 
mine the magnitude ofthe current. When will 
the force be attractive? 

Solution Е= 4х 1075 №, L = 5 ст = 0.05 
10 cm = 0.1 m. According to the ques- 


IDE 
= 1. We know that, 


tion Л = 2 


_ ш hhl 
CE T 


_ _4x 10-5 Nx0.1 m 
mL 2X10? NA*X0.05 m 


I — 20 A. 


The force will be attractive when the current in 
both wires is in the same direction. 

Answer The current in each wire is 20 A. 
The force will be attractive if current in both 
the wires flows in the same direction. 
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EXAMPLE 19.4 In an electric power line, a 
current of 20 A is flowing from east to west 
direction. Determine the direction of the mag- 
netic field above and below the power line. 
Solution The direction of the current is 
obtained by applying the right hand thumb 
rule. We see from Fig. 19.31 that for points 
above the power line the magnetic field is 
towards north into the plane of the paper and 
for points below the power line, it is towards 
south coming out of the plane of the paper. 


PROBLEMS 


19.1 What is the direction of the magnetic field 


19.3 
abovea straight wire which carries a current 
due south? 
19.2 A wire carries a current of 2A due west. It 19.4 


passes through a region of magnetic field inten- 
sity 10-* T along the north south direction. 
Determine the magnitude and the direction of. 


force. The length of the wire in the magnetic 
field is 10 cm. 


19.5 
1 1 
н 1 4н 
н н 
(а) (6) © (yay өн 
Д KOTO OO АК 
; I I 


X x EQ || MOTOR о E 
(e (f) (g) h 


FIG. 19.32 
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^ 5 


FIG. 19.31 For Example 19.4 


Answer For points above the power line 
it is towards north into the plane of paper and 
for points below the power line it is towards 
south coming out of the plane of the paper. 


Find the direction of force in each of the cases 
in Fig. 19.32, 


A wire is Supported hor; 


) izontaly in а north- 
south direction and a co; 


= mpass needle is placed 
below it. In which direction will the needle 


deflect if a current is passed along the wire to- 
wards the north? 


The direction of a magnetic field їп а horizontal 
plane is from west to east. A wire is placed verti- 
cally in this field. If the current is flowing up- 
wards, find the direction of force on the wire. 


At one end of a solenoid the direction of current 
is as shown, Is it the north or the south pole? 


G Gi) 
FIG. 19.33 


20 Electron 


It is a constituent 
cleus in fixed orbits. 
for the forma- 


An electron is the lightest material particle. 
or _the atom, where it rotates round the nu 
It is responsible for the flow of current in circuits, 
tion of various atoms, emission of light from atoms, etc. 


20.1 BASIC CONCEPTS 


D. 20.1 Discharge The phenomenon of passage 


current through nonconductors. 
EXAMPLE A charged body placed in air (nonconductor) loses 


its charge slowly. 


of electric 


lass tube having two ‘electrodes 


D. 20.2 Discharge Tube A 8 ide i 
e of gas inside it. 


With an arrangement to control the pressur 
CONSTRUCTION See Fig. 20.1. 
FUNCTION To study the electric discharge through gases. 


20.2 DISCHARGE THROUGH GASES 


Normally, at atmospheric pressure, gases are bad conductors of 
electricity. But at low pressure and at а high potential difference, 
charge can flow through them. Depending on the pressure of the 
gas, the following phenomena are observed. 


1. Atmospheric pressure No discharge takes places. —— 
The two electrodes are joined 


2. Pressure about 20 mm of Hg 
by one or more wavy violet streamers. 
.. 3. Pressure less than 20 mm of Hg The streamers broaden out 
into a luminous column, known as positive column. It completely 
fills the tube between the two electrodes. 


NOTES (i) The colour of the positive column depends on the 


High voltage supply 
O 


Gas at low pressure 


To vacuum 
pump 
FIG. 20.1 Discharge tube is an 

apparatus to study discharge of 

electricity through gases. It consists of 

a glass tube about 20 cm long and 

3cm in diameter and has two elect- 

rodes. A potential difference of about 

2000 V to 3000 V is applied. The tube 

is connected to a vacuum pump. 
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gas. Salmon pink—air, bright red—neon, green—helium, blue— 


hydrogen, white—mercury vapour. 
(ii) The colourfully lit advertising sign-boards are really 
rtially evacuated gas filled tubes. 
DE Y Dem БОШ mm of Hg The positive column divides 
into two parts. ; 
A glow appears near the cathode. It is known as the negative 
(b) = 20mm Hg Violet steamers glow (NG). There appears a dark space, known as Faraday dark 
` space (FDS), between the negative glow and the positive column. 
NOTE The sizes of FDS and positive column depend only on 
= the pressure and not on the nature of the gas or length of the 
(c) Р = 7.5 mm На Pink positive tube: 
column D ' 
Negative glow ^ Faraday dark 5. Pressure less than 5 mmof Hg The positive column shrinks 
(NG) space (FDS) and breaks into striations, 
The negative glow detaches from the cathode and increases 
in size. 
Another glow, known as cathode glow (CG), appears on the 
cathode. 
The dark space between the cathode and the negative glow is 
known as Crooke's dark space (CDS). 
6. Pressure about 0.01mm of Hg Crooke’s dark space fills 
Striations the tube completely and the glass begins to glow. 
(e) P = 0.05 mm Hg NOTE The tube glows because when the cathode rays (D. 


20.4) strike the glass, it emits light due to flourescence (D. 20.3). 
Grooke dark ispace 7. Pressure about 10-5 mm of Hg No discharge passes through 
the tube, as there are not enough gas molecules left to carry the 

Glass begins to glow charge. 


(green tiuorescence 
for ait). D. 20.3 Flourescence The phenomenon in which, when light or 
(f) P = 0.01 mm ир 


energetic particles fall on certain substances, these start emitting 
FIG.20.2 The discharge of electri- light. 
city at different pressures 


— 
hiermit Hone sau ginti 
om ay s ИРИДЕ, 


Pink positive column 
(d) P — 5 mm Hg 


Cathode Crookes dark Anode 
glow. — space glow 


D. 20.4 Cathode Rays The streams of 

cathode when the Crooke's dark Space 

pletely fills the tube. (Cathode Tays con: 
PRODUCTION Cathode rays are prod 

when the pressure is about 1072 to 

potential difference between the electrode 
PROPERTIES See Fig. 20.3, 


Particles shot out by the 
in a discharge tube com- 
sist of electrons.) 

uced in a discharge tube 
10? mm of Hg, and the 
s is about 2000-3000 V. 


D. 20.5 Thomson Experiment An experiment designed to 


measure the ratio of electric Charge to mass of cathode rays 
(electrons). 


The experiment is performed in three steps, See Fig. 20.4. 
CONCLUSIONS (i) e/m = 1.76 x 10?! C kg"! It is independent of 
the nature of the cathode and the gas inside the discharge tube. 
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Maltese cross 
Original Flourescent 


screen 


cag, Cathode path 
Gna 
„Ж } Magnet Anode 


Deflected path 


focus (c) They are deflected by the magnet 


mirror. This demon- The direction of deflection suggests 
hese are negatively charged 


(b) А concave shape cathode con: 
(8) Cathode rays travel in straight centrates these to a point, the 


lines and casta sharp shadow of an of the concave 
Object placed in its path. strates that cathode rays are emitted that t 
normally from the cathode surface. particles 


Deflected 
path Cathode Anode 


Electric 
Held Anode 


(d) They are deflected by the electric 
field towards the positive plates, (c) These carry momentum. On pass- 


Suggesting that they carry negative ing the discharge the paddie wheel 
charge. rotates towards the anode. 


FIG, 20.3 Properties of cathode rays. (8) They have energy. A piece of metal placed at 
cathode melts. (h) They can affect photographic plates. 


(f) They produce fluorescence. The 
colour of light emitted depends on the 
substance used. 

the focus of a concave 


(ii) The velocity of cathode rays is 29 
Note You will learn how to arrive а 
higher classes. 


000 km s^. ) 
t these conclusions in 


20.3 THERMIONIC EMISSION AND VACUUM TUBES 


D. 20.6 Free Electrons—Mobile Electrons The electrons which 
move freely inside the volume of a metal. 

Note An atom of a metal has a large number of electrons 
Which revolve around the nucleus in orbits. The electron which 


(c) 


(b) 
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Electron 
emission 
Tungsten 


NiO, coated 
cylinder 
Heater wire 


(b 


FIG.20.5 Types of cathodes. 
(а) Directly heated and (b) indirectly 
heated. The working temperature of 
the latter is much less than the 
former, but the rate of emission is 
much more. 


(а) 
) 


REVISION IN PHYSICS 


is farthest from the nucleus experiences a very weak force and 
hence does not remain attached to any particular nucleus. It 
moves freely inside the volume of the metal. 


D.20.7 Work Function The minimum amount of energy which 
must be supplied to free electrons of a metal to enable them to 
escape from the metal surface. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION ф 

SPECIFICATION Measured in joule (J), 

NOTE The electrons at the surface of the metal are pulled 
down by the positive charge of the nucleus, Energy must be 
supplied to overcome this attractive force, 


D.20.8 Thermionic Emission The Phenomenon of emission of 
electrons from a solid body (especially from metals) as a result 
of its temperature. 

CAUSE Inside а metal there area large number of free electrons. 
When the metal is heated, the kinetic energy of the electrons 
increases. As soon as their kinetic energy becomes greater than 
the work function, they escape from the metal surface. 

NOTE The rate of emission depends on the temperature and 


nature of metal. The rate is fast for cesium, slower for tungsten 
and quite slow for platinum, , 


D.20.9 Valve A device which allows fluid or electric current to 
flow in one direction only. 
D.20.10 Vacuum Tube—Electronic Valve A device in which two 


or more electrodes are enclosed in an envelope commonly made 
of glass, The tube is almost completely evacuated. 


D.20.11 Cathode The negatively charged electrode in a vacuum 
tube which on heating emits electrons, Fig. 20.5, 


ТҮРЕ or CATHODES 
(a) Directly heated type In this, the electric current is passed 
through the electrode itself. The Current heats the cathode. 


s sufficiently high, electrons are emitted 
from the cathode. 


NOTE , Such cathodes are made о 
are not in use nowadays, 


(b) Indirectly heated type In this, a cylinder of nickel is coated 


with iron oxide. Current is passed through a filament housed 
inside the cylinder. The heat of the filament raises the tempera- 
ture of the cylinder which then emits electrons, 


f tungsten, However, they 
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D.20.12 Direct Current The current in a circuit which does not 
vary and does not change its direction with time. 

WRITTEN REPRESENTATION. DC 

EXAMPLES The current used in transistor radios, torch lights, 
cars, etc. supplied by cells. 

NOTE Upto about 1950 the domestic power supply in India 
was mostly DC. 


D.20.13 Alternating Current The current in a circuit which 
varies and changes its direction with time (see Fig. 20.6). 

WRITTEN REPRESENTATION. АС 

EXAMPLES The current supplied to our homes. 

NoTEs (i) The maximum and minimum values of current are 
always equal in magnitude. 

(ii) The frequency of domestic AC supply is 50 Hz, i.e. it 
changes its direction 50 times per second. 


D.20.14 Diode A vacuum tube which has only two electrodes, 
cathode and anode. See Fig. 20.7. 
Or 


An electronic component which converts AC into DC. 


D.20.15 Diode Characteristics A graph between anode current 
pa potential difference between anode and cathode. See Fig. 
0.8. 


EXPLANATION OF DIODE CHARACTERISTICS 
(a) When anode is negative The electrons emitted by the 
cathode are repelled back by the anode. Hence Ja is zero. 


Saturation 
current 


Anode current Ја 


Anode voltage Va 


(b) 


@) у, 
FIG.20.8 (a) Circuit diagram for plotting diode characteristics. 
(b) Diode characteristics. 
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FIG.20.6 (a)Alternating current. 
The current varies with time and 
changes direction. (b) Direct current. 
The current flows only in one direc- 
tion. 


Р 
[^] 
Graphical 
Cathode, Anode reprosentation 
(а) (b) 
FIG.20.7 A diode. (a) It has two 


electrodes, the plate and the indirectly 
heated cathode. Electrons are emitted 
by the cathode and are collected by 
the anode. The two electrodes are 
enclosed in a glass envelope which has 
a high degree of vacuum. (b) Graphical 
representation of the diode. 
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FIG. 20.9 Diode as half wave recti- 
fier. 
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(b) When V; = 0. The electrons emitted by the cathode are 
collected in the space between anode and cathode (space charge 
D.20.16). These electrons in turn repel electrons emitted by the 
cathode; hence no electrons reach the anode. J, is zero. 

(c) Anode is positive Due to the positive anode some electrons 
are attracted towards the anode and current flows in the circuit. 
As the anode potential increases, more and more electrons reach 
the anode and Ja increases. The current becomes maximum when 
the anode collects electrons as fast as they are emitted by the 
cathode. This maximum current is known as saturation current. 

(d) If the current in the filament is increased, the cathode 
temperature will also increase and more electrons will be emitted. 


In this case more electrons will reach the anode and the satura- 
tion current will increase. 


D.20.16 Space Charge The clou 
between anode and cathode. 

CAUSE Electrons are emitted from the cathode with varying 
speeds. The faster moving electrons are collected by the plate 
but the slower electrons stop in between. In due course of time 
a substantial number accumulate, forming the space charge. 


d of electrons which exists 


D.20.17 Rectification The phenomen 
current is converted into unidirectional current, 

NOTE In most of the Cases, the current after rectification is 
strictly not DC because the Magnitude of rectified current does 


vary with time. We therefore have a unidirectional current instead 
of DC. 


On in which an alternating 


D.20.18 Rectifier An electrical device whic 
flow in only one direction, thus 
into unidirectional current. 


h permits current to 
converting alternating current 


DIODE As RECTIFIER (Half wave) 


The device where one half of the AC energy is converted into 
unidirectional energy is known as a half wave rectifier, 

CIRCUIT DIAGRAM See Fig. 20.9, 

EXPLANATION (a) Let the 
potential (point A of Fig. 20.9). Wi 
more positive, i.e. the anode 
also increases or Vou increases ti 
this Voy and J, decrease and 
reached. 


(b) For the portion of gtaph CDE, point X as well as the 
anode are at negative Potential. No current will flow through 
the circuit; Vou remains zero during this time. 


ELECTRON 


(c) This process continues and in the circuit, though the 
current varies with time, it remains unidirectional. 

NOTE The device which converts the full AC energy into 
unidirectional energy is called a full wave rectifier. 


D.20.19 Triode Valve An electrical valve with three electrodes, 
cathode, grid and anode. See Fig. 20.10. 


D.20.20 Grid А wire screen between cathode and plate. 
FUNCTION To reduce space charge and thus to control the 
flow of current between cathode and anode. 
NOTE There may be more than one grids. А tetr 
grids, while a pentode has three grids. 


ode has two 


А gráph between grid potential 


D.20.21 Mutual Characteristics 
d cathode current. 


and plate current at constant plate voltage ап 
See Fig. 20.11. 

EXPLANATION (а) When 
A of Fig. 20.11b), all the electrons emi 
pM back to the cathode. Since no elec 

a — U. 

(b) When the grid potential is greater than Vg, but less than 
0, the faster moving electrons get past it. Once these are between 
grid and anode they are collected by the anode. Here Ja is non 
zero and depends on Vg. 


(c) For V, = 0, it is like a diode. 
(d) When Vz is positive, the electrons are attracted by the 


grid. Due to this attractive force, they are accelerated and casily 
reach the anode. As V, increases, more and more electrons reach 
the plate or J, increases. 

(е) Л, keeps on increasing till all t 
cathode reach the anode. Furthe 
increase Ja. This maximum current is 
. Notes (i) In the straight portion 
in V, changes Ja by a large amount. 

(ii) There are other kinds of characteristic graphs as well. The 
anode characteristics show the variation of I, with Va. 


n which the strength of a 


the grid is sufficiently negative (point 
tted by the cathode are 
tron reaches the plate, 


he electrons emitted by the 
r increase in Ve does not 
known as saturation current. 
of the graph, a small change 


D.20.22 Amplification The process i 
Signal is increased. 
device which increases the 


D.20.23 Amplifier An electronic 
taining power from a source 


strength of a signal fed into it by ob 


other than the input signal. 3 я 
TRIODE As AMPLIFIER Тһе input signal is fed. into the grid- 
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FIG. 20.10 (a) A triode valve. It: 
has three electrodes, cathode, plate 
and a wire screen between cathode 
and plate. Grid does not obstruct the 
flow of electrons. (b) Pictorial repre- 
sentation of the triode valve. 


Ya 7 100V 


A 
-8 ШУ ОЙЫ 
V, 
gi 
(b) 
FIG. 20.11 Mutual characteristics 


of a triode valve. (a) Circuit diagram 
for plotting triode characteristics. 
(b) Mutual characteristics of а triode 
valve. Here the grid potential is 
changed and the plate current is 
studied. The plate potential is kept 
constant for one set. 
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FIG. 20.12 (a) Circuit diagram for 
triode valve as an amplifier. (b) For 
operating triode valve as amplifier 
the grid is kept at a constant potential 
corresponding to a point on the 
straight line portion of the mutual 
characteristic graph (Fig. 20.11b). The 
input signal is always fed into the grid 
cathode circuit, 
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cathode circuit, Fig. 20.122. The grid is kept at a slightly negative 
potential corresponding to point B of Fig. 20.12b. Due to the 
input signal, the grid potential varies between the values corres- 
ponding to the points А and C. The current in the plate-cathode 
circuit varies as shown in Fig. 20.12b. The signal is increased in 
strength. 


NOTE Inamplification the energy is supplied by the battery 
in the plate-cathode circuit. 


Amplified 
signal 


m 
(palit el 


21 Household Electricity 


In households, energy is frequently used in two forms: chemical 


e e.g. burning of gas, wood, oil, etc., and electrical energy. 
e source of electrical energy is electricity. It is convenient to 
use, cheap and free of pollution. Today, a large number of 
gadgets we use to make our life comfortable, operate on 


electricity. 


21.1 BASIC CONCEPTS 


0.211 Work Done in an Electrica 
moving electrons through a resistor or conduct 
of lower potential to one of higher potential. 

TYPE OF QUANTITY Scalar 

WRITTEN REPRESENTATION W 

SPECIFICATION The amount of work done in moving a positive 
charge from a higher potential to a lower potential or a negative 
charge from a lower potential to а higher potential. Measured in 
Joules (J). 

_ MATHEMATICAL EXPRESSION Fro 
difference (D.18.13), 


1 Circuit The work done in 
or from a region 


m the definition of potential 


y-— (E.21.1) 
Q 
Tee forms of this equation are frequently used to indicate work 
one. 
W = VIt (Q—10 (E.21.2) 
= yulR (E.21.3) 
=PRt (E.21.4) 


| NOTE The source of electric current does work because 
electrons have to be moved from one point to another in a circuit. 
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D.21.2 Power Spent in Electrical Circuit A measure of the energv 
spent in a certain time. 

TYPE OF QUANTITY. Scalar 

WRITTEN REPRESENTATION Р 

SPECIFICATION The rate of doing work or rate of expending 
power. Measured in watt (W). 

MATHEMATICAL EXPRESSION 


work done 
Power = ———— — 
time 
= VO/t = VI (E.21.5) 
= VAR (E.21.6) 
= DR (E.21.7) 


NOTE In common usage the word ‘wattage’ is often used to 
denote power. 


D.21.3 Watt-Hour A unit of work or energy. 
TYPE OF QUANTITY Derived SI unit. 
WRITTEN REPRESENTATION Whr 
SPECIFICATION The amount of energy spent in one hour at 


the rate of one joule per second or energy equal to one watt 
operating for one hour. 
MATHEMATICAL EXPRESSION 


Whr = 1 WX1 hr = 1757136005 


— 3600 J (E.21.8) 


Note Watt is the unit of power whereas watt-hour is the 
unit of energy. 


D.21.4 Kilowatt-Hour A practical unit of energy. 
TYPE OF QUANTITY Derived SI unit. 
WRITTEN REPRESENTATION. kWh 
SPECIFICATION The amount of energy spent in one hour at 


the rate of 1000 joules per second or energy equal to 1000 watts 
operating for one hour. 


MATHEMATICAL EXPRESSION 
kWh = 1000 Wx1 hr 
= 1000 Js“! x 3600 s 


= 3.6 105J (E.21.9) 
Note The unit of electricity in which electrical consumption 
in households is measured, is kWh, 


21.2 HOUSEHOLD ELECTRICAL CIRCUITS 


D.21.5 Live Wire—Hot Wire The wir 


€ in the electrical network 
which carries current. 
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WRITTEN REPRESENTATION L 
SPECIFICATION By convention the live wire is always red in 


colour. 


D.21.6 Neutral Wire—Cold Wire The wire which returns the 
current back to.the supply system. 

WRITTEN REPRESENTATION № 

SPECIFICATION By convention the neutral wire is 
black in colour. 

Notes (i) The potential di 
wire is equal to the line voltage. 
countries the line voltage is 110 V.) 

(ii) The neutral wire is at zero poten 
wire, 


always 


ference between live and neutral 
(~220 V in India. In some 


tial relative to the live 


D.21.7 Earth Wire The wire which connects the body of an 


appliance to earth. 
WRITTEN REPRESENTATION Ё 
SPECIFICATION Ву convention the earth wir 


in colour. 
Note By convention, ina three pin socket, the right hole is 


for the live wire, the left hole for the neutral and the upper hole 
which is the largest, for the earth. The same convention is also 
true for a three pin plug. 


e is always green 


t the electric wiring ОГ 


D.21.8 Fuse A safety device to protec 
to excessive flow of 


electrical appliance from damage due 
current. 
CONSTRUCTION See Fig. 21.1. L 
WORKING PRINCIPLE The fuse allows current to flow in the 
circuit so long as its value is less than the fuse rating (D.21.9). 
When the current in the circuit exceeds the fuse rating, the fuse 
wire melts, breaking the electrical circuit, thereby disconnecting 


the appliance from the circuit. 

_ NOTES (i) The fuse is always с 
is connected to the neutral wire, the appl 
to the live wire even after the fuse has b 
Shock when touched. 

(ii) If a fuse of higher rating than the safe limit of the cables 
or the appliance is used, it will not blow even if the current 
exceeds the safe limit and the cables or the appliance may be 
damaged. This may even cause fire. 

(iil) Fuse wires are made from 
point and low resistance. The resistance, 
the fuse rating (D.21.9). 


onnected to the live wire. If it 
iance remains connected 
lown, and it can give a 


a material of low melting 
however, depends on 
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Metallic 


Porcelain 
pins 


base 


tube. — аге 
Fuse 15A 
wire 5A 
(b) Cartridge fuse 


(c) Symbol for fuse 


FIG. 21.1 Fuseisa device to pro- 
tect electrical appliances from damage. 
(а) А wire of low melting point is 
connected to two metallic pins 
embedded in a porcelain base. (b) A 
cartridge type fuse. The fuse wire is 
soldered to two metallic plates at the 
end of a small glass tube. When the 
fuse blows, the cartridge is simply 
changed. 
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(iv) The thickness ofthe fuse wire depends on its current ra- 
ting. A thin wire has a low current rating. 


D.21.9 Fuse Rating The maximum current which can pass 
through a fuse wire. 


ТҮРЕ OF QUANTITY Scalar 
WRITTEN REPRESENTATION No fixed symbol. 
SPECIFICATION By a number in amperes—5A, 15A, etc. 
Domestic ELECTRICAL WIRING 


The power cable, having live and neutral wires, from the city 
electric supply distribution system enters the house at some 
convenient place. The cable is first connected to a fuse box and 
then to an electric meter, which measures the consumed electrical 
energy in kWh. The cables then go to the main switch and finally 
to the distribution box. From here, one of the two methods of 
distribution shown in Fig. 21.2 are used. 


NOTE The second system is becoming more popular. 


Neutral 


(a) Conventional 


method of wiring (b) Ring main system 


FIG.21.2 Two methods of domestic wiring 
one section. А cable goes through one who! 
own. The electrical appliances are connected to 
replacing method (a), Three cables are laid. 
connected to the live wire, and another to the n 
earth. The appliances with their own fuse ai 
connected easily and checked if the fuse blows. 


the distribution box with a fuse of its 
this cable in parallel, (b) Ring main System. This system is fast 
Each cable goes round all the rooms and comes back. One cable is 
eutral wire in the fuse box, The third Cable is connected to the 
re connected to the ring System. І. i 
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21.3 ELECTRICAL APPLIANCES 


In day to day life we use a number of appliances where electrical ыс 913 A lament is'aireststence 
energy is conyerted into several other forms of energy. Here we wire in the form of a coil. The wire is 
will discuss three types of appliances in which electrical energy wound in the form of a coil because 
is converted either to heat energy, to light energy or mechanical (i) а greater length of the wire can be 
put in a small space, and (ii) the heat 
energy produced remains confined to 
5 А i a small area. The energy density is 

D.21.10 Electrical Appliance An apparatus to convert electrical then more and little energy is wasted. 


energy to other useful forms of energy. à 
EXAMPLES Electric kettle, electric heater, fan, bulb, etc. Parabolic 


motion. 


D.21.11 Filament A resistance wire in the form ofa coil. 


TvPEs ОЕ ELECTRICAL APPLIANCES 


(a) Appliances which produce heat energy 
WORKING PRINCIPLE When an electric current passes through 


a resistance wire, the electrons driven by the electric field collide 
with atoms of the wire, converting electrical energy into heat 


energy, which is used in several ways. — à 
CONSTRUCTION These appliances basically contain a filament 


of suitable length, an insulating base of fire clay, mica, silica or (@yiRcomiheater 


asbestos and an arrangement for utilising the heat energy. à 
EXAMPLES Room heater, hot plate, immersion heater, electric 


kettle, electric iron. 


Nichrome wire 
over clay rod 


Water level 
indicator 
pee (d) Electric kettle 
Fireclay 
base 
(b) Hot plate (o "iiid bed 


Temperature setting 


ii ent 3 £ 
Heating elem Mica sheet Nighrome 
for electric iron ae 


(£) Electric stove 


Bimetallic 
strip 


(e) Electric iron 
FIG.21.4 Some heat producing electrical appliances, 
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Contacts 
points 


Glass 
envelope 
Tungsten 
filament 
Symbol for 
bulb 
(a) 
Coiled coil 
filament 
(b) 


Fig. 21.5 A bulb. A resistance wire 
in the form of a coiled coil filament 
made by tungsten is placed inside a 
thin glass envelope. It is connected to 
the base by two thick metallic leads 
of negligible resistance. The inside of 
the bulb is filled with a mixture of 
nitrogen and argon, the composition 
of mixture depends on the wattage of 
the bulb. Air cannot be used as it will 
oxidise tungsten. The inert gas pre- 
vents the evaporation of the filament 
metal. 
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PROPERTIES OF FILAMENT MATERIAL (i) High melting point, 
(ii) high resistance, (iii) should not react with air at high 
temperatures. 

Nichrome (commonly used in making filament wire) an alloy 
having 60% nickel and 40% chromium has all these three 
properties. 

NOTE The specific resistance of nichrome is very high. 

(b) Appliances which produce light 

WORKING PRINCIPLE At very high temperatures the filament 
emits light energy besides producing heat energy. 

CONSTRUCTION. See Fig. 21.5. 

EXAMPLE Electric bulb. 

NOTES (i) Below a temperature of 600°C most of the electrical 
energy is converted into heat energy. However, as the tempera- 
ture increases, more and more electrical energy is converted 

into light energy. 

(ii) The early bulbs used carbon rods placed in vacuum. Their 
working temperature was about 1300°C but the efficiency was 
very low. 

(iii) In the present day bulbs, the filament is made from 
tungsten because it has a high melting point. The working tem- 
perature is 2500-2700°C. These are much more efficient than the 
carbon type. 

(iv) The use of the coiled coil filament reduces the region 
around which heat is produced. This way high temperatures can 
be achieved. These kind of bulbs are even more efficient than 
the simple tungsten coil bulbs. 


(v) The material used for filaments in bulbs must have high 
melting point. 
(c) Appliances which produce motion 


WORKING PRINCIPLE These appliances consist of an electric 


motor fitted with blades. When current passes through the motor 
the blades start rotating. 


EXAMPLE Electric fan, electric mixer. 


D.21.12 Earthing The process of connecting the body of an 
electrical appliance to earth. 

IMPORTANCE OF EARTHING If by accident or due to a defect 
in the insulation, the live wire in an electrical appliance gets 
connected to the body of the appliance, then the appliance will 
give a shock to anybody touching it. To prevent this, the body 
of the appliance is connected to earth through the earth wire. 
Now, if such a defect occurs, most of the current will go to the 


earth and no shock will be experienced on touching the 
appliance. 
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SOLVED EXAMPLES 
(Note Wherever necessary take the cost of 1 unit of electricity (1 kWh) as 30 paisa.) 


EXAMPLE 21.1 In the rainy season every опе of 
us is aware of lightning flashes. In these flashes 
tremendous power is delivered. If it were possi- 
ble to use this power, it would solve all the 
Power requirements of mankind. In a typical 
flash of lightning the current is 22 000 A and 
the potential difference between the cloud and 
Bround is as high as 100 million volts. Find the 
Power delivered by such a bolt. 

Solution I = 22 000 A and V = 100 million 
volts = 108 V, 

р= VI = 108 V х 22000 A 
= 22x10" W. 


Answer The power delivered by a lightning 
bolt is 2.2 х 10'2 W. 

NoTE It is not possible to use this power 
because firstly lightning occurs only for a 
fraction of a second, and secondly we never 
know where and when it will strike. 


EXAMPLE21.2 In some countries, e.g. in the 
USA, electricity is supplied at 110 volts instead 
of 220 volts. In such a country an electric iron 
is designed to consume 450 W. What is the 
resistance of the heating coil? How much current 
will pass through the coil? 


Solution V =110V and P = 450 W. 
(i) P — VI, or 
P 450 W 
f= = = 4.09 А. 
V 110 V ae 


(ii) From Ohm’s law, 


ү 110V 
ер 5 = 26.9 2 
I 4.09 A 269 
Answer The current in the filament is 4.09 A 
and its resistance is 26.9 Q. 


R= 


EXAMPLE 21.3 In the following cases obtain 
> energy spent in kilowatt hour: (i) a radio of 
0 W operating for 50 hours, (ii) а desert cooler 


of 150 W operating for 150 min, and (iii) a bulb 
of 40 W lighted for 1800 s. 

Solution In solving such problems first con- 
vert power of the appliance to kilowatt and time 
to hours. Then multiply power in kilowatt and 
time in hours to obtain energy in kilowatt hour. 


(i) Р = 60 W = 0.060 kW, and ғ = 50 h. 
E = 0.06 kW x 50 h = 3 kWh. 
(ii) P = 150 W = 0.15 kW, and t = 150 min 
zh: 
E = 0.15 kW x2.5 h = 0.375 kWh. 
(iii) Р = 40 W = 0.04 kW, and t= 1800 s 
z210,5'h. 
E = 0.04 kW X0.5 h = 0.02 kWh. 

Answer The energy consumed in the three 
cases is 3 kWh, 0.375 kWh and 0.02 kWh, 
respectively. 

Suggestion Unless asked specifically to cal- 
culate in kWh, always calculate energy consumed 
in Joules. Do this problem again and write the 
answers in Joules. 

EXAMPLE 21.4 In how much time will an 
electric heater labelled as 250 W generate 


3.6 106 J of heat? : 
Solution Р = 250 W and E= 3.6x 106 J. 


From the definition of power, 


i 
= Ё, 
E | 36x106J _ 
or t= eS pw 4400s 
=4h 


Answer 3.6X10°J of heat will be produced 
in 4 hours. 
EXAMPLE 21.5 An electric bulb has a resistance 
of 6252. 

(i) What is its wattage if it operates ona 
250 V mains? 
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(ii) How much energy wlll it consume in one 
hour (a) in Joules and (b) in kWh? 

(iii) How much will it cost per week if used 
7 hours a day? 


Solution R = 6259, and V = 250 V. 


2 
oran- f= qt 
= 100 W. 
(ii) From the definition of power, 
Energy consumed per second = Ps 
= 100 W s = 100 J. 
Energy consumed per hour 
= 100 Jx 60x 60 = 3.6 x 105 J. 
(b) P = 100 W=0.1kW,t=1h 
E = 0.1 kWx1h = 0.1 kWh. 
(iii) Energy consumed per day (7 h) — 0.1 
kWhx7h 
— 0.7 kWh. 
Energy consumed per week = 0.7 kWhx7 
— 4.9 kWh. 
The cost of 1 kWh is Re 0.30. Hence cost of the 


energy consumed per week = 4.9 kWh x Re 0.30/ 
kWh = Rs 1.47. 


Answer (i) The wattage of the bulb is 100 W. 
(ii) The energy consumed is 3.6 x 105 J or 0.1 
kWh, (iii) The cost of energy consumed per 
week will be Rs 1.47. 


EXAMPLE 21.6 А television set labelled as 60 W 
is used for 5 hours every day. What will be the 
monthly (30 days) electricity bill if it costs 
30 paisa per unit? 

Solution Р =. W = 0.06 kW, and t = 5h. 


Energy consumed per day — 0.06 kW x 5 h 


— 0.3 kWh. 
Energy consumed per month — 0.3 kWh x30 
= 9 kWh. 
Cost of electricity = 9 kWh x 0.3 Rs kWh-! 


— Rs 2.70. 
Answer Using the television 5 h a day for 
the whole month will cost Rs 2.70. 
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EXAMPLE 21.7 A torch having three cells uses 
a bulb marked 4.5 У, 0.3 A. The cost of each 
cell is Rs 2.60. If the cells last 50 hours, what 
is the cost of 1 kWh? 

Solution V = 4.5 V, I — 0.3 A and cost of 
three cells = Rs 2.60х3 = Rs 7.80. 


P = VI = 4.5 V X03 A = 1.35 W = 0.001 35 


kWh. 
Energy consumed in 50 hours — 0.001 35kW 
x50h 
— 0.0675 kWh 
Cost of 1 kWh = Ё$ 780 _ Rs 115.56 


0.0675 
Answer The cost of 1 kWh is Rs 115.56. 


EXAMPLE 21.8 An electric bulb is marked as 
60 W 250 V. This bulb is used on 230 V mains 
supply. Calculate (i) the resistance of the fila- 
ment, (ii) the current passing through the coil 
when used at 230 V, and (iii) the new wattage. 

Solution F=60 W, Vo=250 V and Vn 
= 230 V. 


(i) P= Vol, or 


From Ohm’s law, 


Va _ 250V 
MB EN 
Т = 624A = 1041.72 


(11) Now the bulb is operating at 230 V, 
т Уз _ 20v 


К — 1041.79 — 022A. 


(ii) The new wattage V,I— 230 Vx0.22 A 
= 50.6 W. 


Answer The resistance of the filament is 
1041.70. When it operates on 230 mains, 0.22 ^ 
current will pass through it and the new wattage 
will be 50.6 W. 

NOTE In India upto about 1979 bulbs were 
designed for 250 V but now these аге designed 
for 230 V. In India the mains voltage is 230 у 
and not 250 V. A bulb made for 250 V draws 
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less current than one designed for 230V. If the 
current is less, the working temperature is lower 
and more heat energy will be produced, thus 
reducing the efficiency of the bulb. 


ExAMPLE21.9 One day in a house it was noticed 
that (i) a tubelight of 40 W in the bedroom was 
on for 5 hours, (ii) a 60 W bulb in the kitchen 
was on for 4 hours and (iii) a water heater of 
1000 W was used for 1 hour. Calculate the cost 
of electricity used on this day. 

Solution For the tube light: P —40W 
= 0.04 kW, and г = 5 h. For the bulb: Р = 60W 
= 0.06 kW, and г = 4h. For the water heater: 

P= 1000 W = 1 kW, and г = 1h. 
Energy consumed by tube = 0.04 kWx 5h 


= 0.20 kWh 
Energy consumed by bulb = 0.06 kW X4 h 

= 0.24 kWh 
Energy consumed by heater = 1 kW x1 h 

= 1.00 kWh 


Total energy consumed in a day = 1.44 kWh. 
Since the cost of electricity is Re 0.30 per kWh, 
the total cost of electricity consumed 
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= 1.44 kWh x Re 0.30 kWh! 
= Re 0.43 


Answer The cost of electricity consumed is 
Re 0.43. 


EXAMPLE 21.10 Determine the fuse rating of 
the fuse to be used with (i) an electric iron of 
500 W, and (ii) an immersion heater of 1000 W. 
The main voltage is 250 V. 

Solution According to the definition of fuse 
rating, the fuse rating is the maximum current 
which can pass through the fuse without melting 
it. We know that 7 = P/V. 


(i) P = 500 W, and V = 250 V 


Hence fuse wire of rating more than 2 A will 
work, - 

(ii) P = 1000 W and V = 250 V. 

1000 W 
1= 50у = 4A. 

Here fuse wire of rating more than4 A will 
work. 

Answer The fuse rating in the two cases 
would be more than 2 A and 4 A respectively. 


PROBLEMS 
(Take one month — 30 days) 


21.1 A hot plate is connected to a 250 volt mains 
supply. Find the resistance of the hot plate if the 
current drawn is 10 A. 

21.2 In automobiles a spark is used to burn the fuel 
mixture, The spark is provided by a spark plug 
which operates at 25 000 V. If the current is 
0.001 A, find the power spent by the battery 
during one spark. 

21.3 An electric cloth dryer operates at 240 V and 
uses a current of 16 А. Calculate the cost of 
electricity to run it for one hour at the rate of 
50 paisa per unit. 

21.4 А typical refrigerator at home consumes 330 W 


operating at 220 V. What is the current passing 
through the coil of the motor and its resistance ? 

21.5 What is the resistance of a 100 W bulb if it is 
designed for (i) 110 V and (ii) 250 V ? 

21.6 A thousand watt electric heater is operated at 
220 V. Find the (i) current through the coil and 

(ii) resistance of the coil. 

21.7 An electrical appliance connected to a 220 V 
mains drawsa 5 А current. Find the wattage of 
the appliance. 

218 The wattage of an electric kettle which draws a 
current of 2A is 250 W. What is the voltage 
supplied by the mains ? 
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219 The resistance of a certain gadget is 200 2. How 
much power does it consume operating on a 
220 V mains? 

21.10 A bulb marked as 3 V-0.2 А is used in a two cell 
torch. If-each cell costs Rs 2.75 and lasts for 25 
hours, find the cost of ] kWh. 

21.11 Two bulbs are marked (i) 100 W, 220 V and 
40 W, 220 V, (ii) 40 W, 220 V and 40 W, 110 V, 
and (iii) 40 W, 220 V and 20 W, 110 V. What is 
the ratio of resistance in each case? 

21.12 The cost of running an electrical appliance for 
10 hours is 60 paisa. What is its wattage? 

21.13 A tubelight of 40 W is used daily for 5 hours. 
How much will be your monthly electricity bill? 

21.14 An electric iron of 500 W is designed to operate 
at 250 V. One day the main supply was 220 V. 
What will be the new wattage and current drawn 
by the iron filament? 

21.15 A house has 5 bulbs of 60 W each and 2 fans of 
50 W each. The bulbs are used for 6 hours and 
the fans run for 8 hours every day. How many 
units of electricity will be consumed in 30 days? 

21.16 In an office a 500 watt refrigerator works for 5 
hours each day and a fan of 40 watts works for 
10 hours daily. A tubelight of 40 watts is also 
used for 5 hours in a day. Determine the electri- 
city bill for a month. 

21.17 An electric heater is marked 160 W, 250 V. How 
much heat energy will it produce in one hour if 
operated on 220 V mains? 

21.18 An appliance of 250 W is used for (i) 1 hour, 
(ii) 4 hours and (iii) 7 hours. How much energy 
will it consume in kWh? 

21.19 Two appliances consume the same energy. One 
of them of 750 W operates for 50 min. Determine 
the power of the other appliance if it operates for 
(i) 30 min, and (ii) 2 hours. 

21.20 Two appliances operating for the same time con- 


sume equal amount of energy. What is the ratio 
of their powers? 
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21.21 The ratio of energy consumed by two immersion 
rods A and В is (i) 1, (ii) 2 and (iii) 5. Answer the 
following questions: (a) What is the wattage of 4 
if 4 and B operate for the same time and the 
wattage of B is 40 W? (b) What is the operating 
time for A in the three cases if their wattages are 
equal and В operates for 30 min? 

21.22 A fan operating for 10 hours consumes 1 unit of 
electricity. Find the wattage of the fan? 


21.23 In how much time will an electric iron of 250 W 
consume 4 units of electricity? 


21.24 A refrigerator of power 150 W consumes 6 units 
of electricity. Determine the time of its opera- 
tion. 

21.25 Find the energy consumed in kWh in the follow- 
ing cases (i) bulb of 100 W operates for 15 min, 
(ii)a TV of 60 W for 3.5 hours and (iii) an elec- 
tric iron of 450 W for 40 min, 

21.26 What will be the maximum current which can be 
passed through a fuse wire of following rating 
without melting it: (i) 5 А, (ii) 10A and (iii) 
15 A? 

21.27 Determine the power of appliances which can be 
used on 250 V mains with fuse rating of (i) 1 
A, (ii) 4A and (iii) 5A. 

21.28 What should be the fuse rating for (i) 10 bulbs of 
100 W, (ii) immersion heater of 2000 W +a 
TV of 60 W+an electric iron of 250 W. Main 
voltage is 250 V. 

21.29 Will an appliance of (i) 1500 W with fuse rating 
3 A, (ii) 1000 W with fuse rating 7 A and (iii) 
5000 W with fuse rating 10 A work on 220 V 
mains? 

21.30 The safe current carrying capacity of a particular 
pair of cables is 5 A, An electric motor of 2000 
W with a fuse of rating 8A is used on this 


line of voltage 250 V. Will it be safe to run the 
motor? Explain. 


Miscellaneous Problems 


Chapter 11 STRUCTURE OF MATTER 


Q. 
Q. 
Q. 


e eoo 


Q. 
Q. 
Q 


What is matter? Does it have a structure? _ 
What are the basic building blocks of matter? 
What is meant by (i) electron, (ii) proton, 
(11) neutron, (iv) nucleus and (v) atomic 
number? 

How is an atom formed? Discuss its structure. 
What is a molecule? How is it formed? 

Can a molecule be formed by two similar 


atoms? Give examples. 
What is an element? Is an element formed by 


atoms or molecules? Give examples of ele- 
ments which occur in nature as molecules. 

What is a compound? Is a compound formed 
by the combination of similar atoms ог dissi- 


milar atoms? 

Name the forces which are responsible for the 

formation of nucleus, atoms and molecules. 

Name a phenomenon which implies existence 

of atoms and molecules. 

Explain the terms interatomic force, force of 

cohesion and force of adhesion. 

Is force of adhesion greater than force of 

cohesion? Justify your answer. х 

Whatisasolid How many types of solids 

are possible? 

11.14 What is meant by crystalline solid and amor- 
hous solid? What is the main difference bet- 
ween them? Give two examples of each kind. 

11.15 Explain with examples how the atoms are 
arranged in a crystalline solid. 

11.16 What are the three states of matter? What is 
the main difference between them? 

11,17 Discuss briefly conversion of solid to liquid 
and liquid to gas. 


11.1 
11.2 
11.3 


11.4 
11.5 
11.6 


11.7 


11.8 


11.9 

11.10 
11.11 
11.12 


11.13 


Q. 11.18 What is Brownian motion? What will happen 
if the size of the particles is increased? 

Q. 11.19 Give one example to show that attractive 
forces exist between molecules of a liquid. 

О. 11.20 What is meant by elasticity and plasticity? 
Give two examples of elastic and plastic 
bodies. 

О. 11.21 Why is steel considered to be more elastic 
than rubber? 

Q. 11.22 What is stress, strain and elastic limit? Give 
their SI units. 

Q. 11.23 How is stress related to the restoring force? 

Q. 11.24 Explain the restoring force on the basis of 
molecular structure of the force. 

О. 11.25 Will a solid tegain its shape and size if the 
deforming stress is greater then the elastic 
limit? 

Q. 11.26 What is the shape of the graph between 
applied force and change in length of the wire 
if the elastic limit is not crossed? 

О. 11,27 State Hooke's law. 

Q. 11.28 What is Young's modulus? What are its units? 
Describe an experiment to determine it in the 


laboratory? 


Chapter 12 TEMPERATURE AND 
VOLUME CHANGES 


Give examples to justify that heat is a form of 


energy. 
Give at least one difference between heat 


energy and other forms of energy. 
What is the nature of heai? Justify your 


answer. 


Q. 12.1 
Q. 122 


Q. 12.3 
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Name three sources of heat energy. What is 
the original form of energy in these sources 
before conversion? 

Q.12.5 What does temperature measure? 

Q.12.6 Whatis the difference between heat energy and 

mechanical energy? 

Q. 12.7 What is the difference between heat energy and 
temperature? 

Q. 12.8 What happens to the kinetic energy of the 
molecules of a solid when it is heated? 

Q.129 In which direction will the heat energy flow if 
(i) body A has more heat energy than body B 
but both of them are at the same temperature? 
(ii) both the bodies A and B have the same 
amount of heat energy but A is at a higher 
temperature? 

Q. 12.10 In what respect does the Celsius and Kelvin 
temperature scales differ? 

Q. 12.11 What are the main differences between Fahren- 
heit and Celsius scales? 

Q. 12.12 How do the two thermometers, one marked in 
degrees and the other in half degrees differ 
from each other? 

Q.12.13 Explain why melting ice and not solid ice 
should be used in checking the lower fixed 
point? 

Q. 12.14. What are ice and steam points? 

О. 12.15 What is the fundamental interval of Celsius, 
Fahrenheit and Kelvin scales? 

Q.12.16 Give one advantage and one disadvantage 
each of using alcohol, mercury and water as 
thermometer liquids. 

Q. 12.17 Give four properties of a liquid suitable for 
thermometers. 

Q. 12.18 Name three properties which could be used in 
the measurement of temperature. 

Q.12.19 Two thermometers are constructed from 
capillary tubes of different bore diameters. 
Which one will be more accurate? Why? 

Q. 12.20 Explain : (i) When the brakes of a moving car 
are applied for a considerable time, they get 
hot. (ii) When air is pumped into cycle tyres, 
the pump gets warm. (iii) The temperature of 
the water at the bottom ofa fall is slightly 
higher than the temperature at the top. (iv) 
When we rub our hands for some time, they 
become warm. 


Q. 12.4 


О. 12.21 How can you increase the accuracy of a ther- 
mometer? 

Q. 12.22 Explain briefly why in a clinical thermometer 
(i) the bulb is small, (ii) the bulb is a long 
cylinder and is not spherical, (iii) there is a 
constriction, and (iv) it is marked only 
between 36 °С and 42°C? 
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О. 12.23 Describe briefly how you would construct а 
thermometer? 

Glass thermometers are filled with either 
mercury or alcohol. Which of these is more 
effective in measuring very low temperatures? 
In polar regions, clinical thermometers use 
alcohol. Why? 

Explain why ina maximum thermometer the 
indicators do not move with the level of 
mercury? 

Discuss in terms of internal molecular motion, 
the expansion of solids, liquids and gases on 
heating. 

Why do solids expand when heated? 

What do you understand by the statement that 
the coefficient of linear expansion of copper is 
17x10-* °С-!? 

Does the magnitude of coefficient of linear 
expansion depend on the temperature scale? 
Name three instruments based on the expan- 
sion of solids. 


Give some disadvantages of thermal expan- 
sion. 


Q. 12.24 


Q. 12.25 


Q. 12.26 


Q. 12.27 


О. 12.28 
Q. 12.29 


Q. 12.30 
Q. 12.31 


Q. 12.32 


Q. 12.33 Explain the working of the bimetallic strip in 
a thermostat. 

Q. 12.34 Why does a bimetallic strip bend on heating? 

О. 12.35 Explain why : @) a gap is left between two 
steel rails, (ii) the end of bridges are placed on 
rollers, (iii) an iron rim is heated before it is 
placed on а wagon wheel, (iv) a thick glass 
tumbler is likely to break when hot liquid is 
poured into it? 

Q. 12.36 A solid plate has a circular hole in it. Will the 
hole expand or contract on heating the plate? 

Q. 12.37 Establish a relation between (i) coefficient of 
linear expansion and superficial expansion and 
(iii) coefficient of linear expansion and cubic 
expansion. 

Q.12.38 What do you understand by coefficient of 
linear, superficial and cubic expansion? 

О. 12.39 Can you define coefficient of linear expansion 
for gases? 

Q. 12.40 When a mercury thermometer is thrust into 
boiling water, the mercury first falls and then 
rises. Why? 

Q. 12.41 In what respect does the expansion of watet 
differ from that of other liquids? 

Q. 12.42 Why is anamolous expansion of water essential 
for the survival of marine life? 

Q. 12.43 What temperature do you expect at the bottom 
of a lake which has ice on its surface? 

Q. 12.44 


What is apparent expansion? Why is there а 
need to define it? 
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О. 12.45 Explain the aimerence between real and appa- 
rent expansion of liquids. 

Q. 12.46 State thelaw which gives a relation between 
(i) pressure and temperature of a gas at 
constant volume and (ii) temperature and 
volume of a gas at constant pressure? 

Q. 12.47 What is the normal temperature of human 
body on the Kelvin scale? 

О. 12.48 Which expands more on heating—a gas or a 
liquid? 

Q. 12.49 On the basis of expansion of gases show that 
temperature cannot go below —273°C. 

О. 12.50 When a metal bar is heated, do the following 
increase, decrease or remain unchanged : 
(i) length, (ii) volume, (iii) density, (iv) mass? 

О. 12.51 Which expands more on heating, alcohol or 
mercury? 


Chapter 13 MEASUREMENT OF HEAT 
ENERGY 


О. 13.1 What is the unit of heat energy? 

О.13.2 What is a calorie? What does it measure? 

Q. 13.3 What is the relation between calorie and the 
corresponding SI unit? 

Q. 13.4 Define the term specific heat capacity. What 
are its units? . < 

Q. 13.5 What is the difference between the terms speci- 
fic heat capacity and heat capacity? | 

Q.13.6 Does the flow of heat energy from one object 
to another depend on their specific heat capa- 
cities or on their temperature? 

О. 13.7 Write down the expression of heat gained by a 
body when its temperature changes from T, to 
T t 

Q.13.8 Explain the change of state on the basis of 
internal structure of matter. T 

Q. 13.9 Which substance has the highest specific heat 
capacity? 

Q. 13.10 Explain why water is preferred in а саг 
radiator to cool the engine. 

О. 13.11 Discuss briefly two important ap 
the high specific heat capacity of water. 

О. 13.12 Why does the atmospheric temperature not 
change much near the sea? 

Q. 13.13 Sometimes farmers fill their fields with water 
in the night to save their crops from frost. 
Why? : 

Ө. 13.14 What is meant by latent heat? Why is it called 
latent? 

Q. 13.15 Explain the origin of latent hea 
the basis of internal structure of matter. 

Q.13.16 What is the difference between specific heat 
capacity and specific latent heat of steam? 


plications of 


t of fusion on 


Q. 13.17 
Q. 13.18 
Q. 13.19 


Q. 13.20 
Q. 13.21 


Q. 13.22 


Q. 13.23 
Q. 13.24 


Q. 13.25 


Q. 13.26 
Q. 13.27 
Q. 13.28 
Q. 13.29 


Q. 13.30 


О. 13.31 
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Explain why a steam burn is more serious than 
a hot water burn at the same temperature. 
What happens to the supplied heat energy 
when water boils at constant temperature? 

Is it possible to add heat to а substance with- 
out changing its temperature? Explain. 

What is the principle of a calorimeter? 

With the help of a neat diagram, explain how 
you will determine the specific heat capacity of 
(i) a liquid, and (ii) a solid? 

In some calorimeter experiments solids are 
heated in steam and not in boiling water. 
Why? 

What are the sources of error in calorimeter 
experiments? 

Why is ice thoroughly dried while determining 
its specific latent heat of fusion? 

On hills it is cooler when ice melts than during 
snowfall. Why? 

When water freezes, is heat transferred to the 
water or away from the water? Give an 
example where this heat transfer is important. 
When ice melts, is heat transferred to the ice 
of away from it? Give an example where this 
heat transfer is important. 

What is meant by calorific value of fuels? 
What is a bomb calorimeter? How is it 
different from an ordinary calorimeter? 

A perspiring person feels cool in front of a 
running fan even though the air blown by the 
fan is at atmospheric temperature. Why? 

How many joules of mechanical work produce 
1 calorie of heat? 


Chapter 14 REFLECTION OF LIGHT 


Q. 14.1 


Q. 14.2 
Q. 14.3 


Q. 14.4 


Q. 14.5 


Q. 14.6 


Q. 14.7 


What is the nature of light? Give two pheno- 
mena in support of your answer. 

What is the difference between a ray of light 
and a beam of light? 

How many types of beams of light do you 
know? Explain with the help of a neat 
diagram. 

What is the main difference between (i) parallel 
and divergent beams of light and (ii) divergent 
and convergent beams of light? 

What do you understand by the phenomenon 
of reflection? Why is it so important? 

When sunlight falls on a wall we see the wall 
but when it falls on a plane mirror we see the 
sun. Why? 

Which phenomenon helps you to see a non- 
luminous object? How? 
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Q. 14.8 Define the terms (i) angle of reflection, 
(ii) angle of incidence, (iii) regular reflection, 
(iv) diffuse refiection, (v) normal incidence, 
and (vi) grazing incidence. 

О. 14.9 State the laws of reflection. 

Q. 14.10 Is angle of reflection always equal to the angle 
of incidence? 

О. 14.11 How will you demonstrate experimentally that 
the angle of incidence equals the angle of 
reflection? 

О. 14.12 What is the name of the angle between a ray 
falling on a plane mirror and the normal to the 
plane mirror? 

Q.14.13 A ray of light falls on a plane mirror along 
the normal. In which direction will it go after 
reflection? 

Q.14.14 What should be the angle of incidence if 
(i) reflected ray is in the same direction as the 
incident ray, (ii) reflected ray is in opposite 
direction to the incident ray? 

О.) 5 A beam of parallel light falls on a smooth 
surface and on an uneven surface. How does 
the reflected ray differ in the two cases? 

44.16 What is a plane mirror? 

Q. 14.17 Why is the reflecting material not generally 
deposited on the front surface of a plane 
mirror? 

Q. 14.18 Are laws of reflection valid for diffused reflec- 
tion? 

Q. 14.19 How would you find experimentally the posi- 
tion of the image of a pin placed in front of a 
plane mirror? 

Q. 14.20 Discuss the characteristics of the image formed 
by a plane mirror. 

О. 14.21 What effect do the following have on the 
image formed by a plane mirror: (i) size of the 
plane mirror, and (ii) distance of the object 

. from the mirror? 

Q. 14.22 What should be the minimum size of the mirror 
to enable a person to see his full figure. Prove 
your answer. Does the object distance change 
the answer? 


Q. 14.23 Give. at least two differences between real and 
virtual images, 

О. 14.24 Can you photograph an image formed bya 
pláne mirror? 

О. 14.25 Is it possible for a plane mirror to form a real 
image? Explain. 

О. 14.26 A ‘real image is formed by a plane mirror. Is 
the beam falling on the mirror convergent or 
divergent? 

Q. 14.27 Prove that (i) the images formed by a plane 
mirror is of the same size as the object, and 
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(ii) the images and the object are at the same 
distance on either side of the mirror. 
О. 14.28 Explain briefly the meaning of lateral inversion. 
Q.14.29 What is the angle of reflection when the inci- 


dent ray of light travels along the normal to 
the mirror? 


Chapter 15 REFLECTION AT CURVED 
SURFACES 


Q.15.1 What isa spherical mirror? 

Q.15.2 Are laws of reflection valid for curved 
mirrors? 

Q.15.3 In what respects is a spherical mirror different 
as compared to a plane mirror? 

Q. 15.4 A curved glass plate is given to you. Explain 

in not more than eight sentences how you will 

convert it into (i) concave mirror and (ii) con- 
vex mirror? 

Q.15.5 Give one difference between COncave and con- 
vex mirrors. How can you distinguish between 
them simply by touching. 

Q. 15.6 Name some applications where 
mirrors are used. 

Q.15.7 Define the terms pole, focus, radius of curva- 
ture, principal axis, focal length and magni- 
fication. 


Can the focus of a convex mirror be obtained 
оп a screen? 


Why does a ray passing through the centre of 

curvature, after reflection, retrace its own path? 

Q. 15.10 From which point of the principal axis should 
а ray pass if it is to remain undeviated? 

Q. 15.11 Which of the following mirrors can produce a 

convergent beam: (i) plane, (ii) convex or 

(iii) concave? 

9. 15.12 A parallel beam of light falls on (i) concave, 
(ii) convex mirror. What is the nature of the 
reflected beam in each case? 

Q. 15.13 In which mirror do the rays after reflection 
always become divergent? 

О. 15.14 Should a shaving mirror be concave or convex? 

О. 15.15 What is the radius of curvature ofa plane 

mirror? 

Suppose you are given a sharp needle. Explain 

how you would determine the centre of curva- 

ture of a concave mirror? 

Give one practical application of the concave 

mirror in which a real image is used and one 

in which a virtual image is used. 

Q. 15.18 Suppose someone wants to mount a mirror at 

the edge of a blind curve to enable the traffic 

on the other side to be seen. What advice will 


spherical 


Q. 15.8 


Q. 15.9 


Q. 15.16 


Q. 15.17 
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Q. 15.19 


О. 15.20 
О. 15.21 


Q. 15.22 


Q. 15.23 
Q. 15.24 


Q. 15.25 
Q. 15.26 


Q. 15.27 


Q. 15.28 


Q. 15.29 


Q. 15.30 


Q. 15.31 


Q. 15.32 


Q. 15.33 
Q. 15.34 


Q. 15.35 
Q. 15.36 


Q. 15.37 


Q. 15.38 


you give him about the nature of the mirror to 
be used? 

Name the mirror in which a parallel incident 
beam of light after reflection remains parallel. 
An object is brought from infinity to very close 
to a concave mirror. Discuss how the nature 
and the size of the image varies. 

Name the three special rays which are used іп 
the construction of the image by a spherical 
mirror? 

With the help of a neat diagram find the posi- 
tion of the image when the object is (i) beyond 
radius of curvature, (ii) between focus and 
radius of curvature, and (iii) at the radius of 
curvature. The mirror is concave. 

Derive the mirror formula. 

What is the relation between object distance, 
image distance and focal length? 

Give one advantage of using convex mirror as 
rear-view mirror in vehicles. 

Show that the focal length of a spherical mirror 
is half of the radius of curvature. 

What is the position of the object if the image 
is (i) of same size, (ii) never formed and (iii) а 
point. The mirror is concave. 

What is the relation between object distance, 
image distance and magnification? 

Explain how you will locate geometrically the 
image of an object as formed by (i) concave 
and (ii) convex mirror? 

Discuss with the help of the mirror formula 
the position of the image when the object is 
(i) at infinity, (ii) at the centre of curvature 
(iii) between C and F, and (iv) at the focus. 

In which mirror is the magnification (i) always 
one, (ii) always less than one, and (їй) varies 
with the position of the object? 

Explain the sign convention used for formation 
of images by lenses and mirrors. 
One wants to see an enlarged i 
object in a mirror. What type of mirror should 
one use? 

Where should an object be placed in front of 
a concave mirror so as to obtain its magni- 
fied erect image? 

Conventionally, is the focal length of a con- 
cave mirror taken to be negative or positive? 
What is spherical aberration? In which kind 
of mirror it is absent? - 
How would you distinguish without touching 
whether a given mirror is plane, concave ог 


convex? ^ 
Why is the image formed by a concave mirror 


of an object at infinity not a point? 


mage of an 


Q. 15.39 


Q. 15.40 


Q. 1541 


Q. 15.42 
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What are parabolic mirrors? Where are they 
used? 

In which respect is a parabolic mirror better 
than a spherical mirror? 

An object of very small size is placed 
atthe focus of a concave mirror. The reflec- 
ted beam of light is not a parallel beam. 
Why? 

Draw an object-image concave mirror ray 
diagram such that (i) both object and image 
distances are negative (ii) object distance is 
negative while image distance is positive. 


Chapter 16 REFRACTION AND LENSES 


Q. 16.1 
Q. 16.2 
Q. 163 
Q. 164 


Q. 16.5 


Q. 16.6 
Q. 16.7 
Q. 16.8 
Q. 16.9 
Q. 16.10 
Q. 16.11 
Q. 16.12 


Q. 16.13 
Q. 16.14 
Q. 16.15 
Q. 16.16 
Q. 16.17 


Q. 16.18 


Q. 16.19 
Q. 16.20 


What is a lens? 

Can both the surfaces of a lens be plain? 
Name the phenomenon on which the working 
of the lens depends. 

Draw and name the three kinds of (i) con- 
verging lenses, and (ii) diverging lenses. 

Define the following terms: centre of curva- 
ture, principal axis, optical centre, principal 
section, radius of curvature, primary and 
secondary focus, focal length. 

Why does a lens have two focal points and 
mirror only one? 

Can the two radii of curvature of a lens be 
different? 

What do you understand by converging and 
diverging lenses? 

What is the main difference between a lens and 
a curved mirror? 

Why is a converging lens sometimes known as 
a positive lens? . 

Why is a concave lens called a diverging lens? 
]tis said that in action a spherical lens is 
similar to a set of prisms. Discuss the validity 
of this statement. 

Which lens always produces a virtual image? 
What is meant by a thin lens? 

Derive the lens formula. 

What is the power of a lens? 

With the help of the lens formula explain 
where the image will be formed if (i) object is 
at infinity, (ii) object is at focus, and (iii) 
object is between pole and focus. 

Write down the formula for a lens connecting 
image distance, object distance and the focal 
length. Explain the sign convention you have 
used. 

Define the term dioptre. 

The power of a lens is 2 dioptre. What do you 
understand by this statement? 
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Q. 16.21 Name the three important rays used for con- 

ү struction of images. Explain how the image is 
located? 

О. 16.22 An object is brought from a great distance to 

я near the lens. Discuss the position and nature 
of the image if the lens is (i) concave and (ii) 
convex. Draw a neat diagram in each case. 

О. 16.23 А lens is capable of giving an image of the 
same size as that of the object. What kind of 
lens is it? 

О. 16.24 Name the position of objects for which (i) 
image is of same size, (ii) image is not formed, 
and (iii) image is a point. 

Q. 16.25 How will you distinguish between a glass slab, 
concave lens and convex lens (i) by touching 
and (ii) without touching. 

Q. 16.26 When a lens is used to magnify an object, the 


Object is not really made larger? What does the 
lens really do? 


Q. 16.27 If the image formed by a lens is always dimini- 
shed and erect, what is the nature of the lens? 


Chapter 17 OPTICAL INSTRUMENTS 


Q. 17.1 What is an optical instrument? How is it useful 
to us? 

Q.172 The eye is an optical instrument. Justify this 
statement. 

О. 17.3 Draw a labelled diagram of the eye. 

0.17.4 How does the eye adjust to permit it to func- 
tion under conditions of radically different 

light conditions? 

Q. 17.5 How does the eye change the power of the 
lens? 

Q. 17.6 What is a reduced eye? Explain with the help 
of a neat diagram. 

Q.17.7 Which part in the eye deviates the light most? 

Q. 17.8 What is accomodation? How does the eye 
achieve it? 

Q. 17.9 Explain the meaning of normal vision, 

Q. 17.10 What is the distance of (i) far point and (ii) 
near point of a normal eye? 

Q. 17.11 What do you understand by the Persistence of 
vision? How it is useful? 

Q. 17.12 Name four defects of the eye. Discuss in brief 
their causes, 

О. 17.13 Where is the near point and far point in (i) 
myopic and (ii) hypermetropic eye? 

О. 17.14 Name the kind of lens which you will use to 
remove (i) myopia, (ii) astigmatism, (iii) hy- 
permetropia from the eye. 

Q. 17.15 In which kind of defect does the eye ball 
become (i) elongated, (ii)oblong? 
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Q. 17.16 Name the defect of ihe eye if a person is using 
spectacles with convex lenses. 

Q. 17.17 In a myopic eye where will a parallel beam of 
light be focussed? 

Q. 17.18 In a hypermetropic eye where will the image 
of a nearby object be formed? 

О. 17.19 Name that part of the еуе (i) where light does 
not ` produce any visual sensation, and 
(ii) which is most sensitive to light. 

О. 1720 Draw a diagram of the eye and mark on it 
Optic axis and visual axis. What is the differ- 
ence between them? 

О. 17.21 What is a camera? What does it do? 

Q. 17.22 Explain as briefly as Possible with the help of 
а neat diagram the various Parts of a camera. 

Q. 1723 


How is the camera similar to the eye? In what 
Tespects does it differ? 


Q. 17.24 Explain the terms (i) depth of field, (ii) shutter 
speed, (iii) exposure time, and (iv) f-number. 

Q. 17.25 On what factor does the size of the 

the film in a camera depend? 

Q. 17.26 Where are the Object and image in a camera 
situated with Tespect to the lens? 

Q. 17.27 How does the (i) eye and (ii) camera accoino- 
date objects which are at different distances? 

Q. 17.28 How much more light will pass through the 

shutter of a camera if the f-number is increased 

by one step? 

О. 17.29 What does f-number represent in а camera? 

‚ 17.30 Is a lens with f/5.6 faster or slower than one 
with f/16? (Faster means that a given object is 
photographed with a shorter exposuré time.) 

Q. 17,31 A camera has f-numbers 2,8 and 22. Whigh of 
these two would you select in order to ini- . 
mize the light falling on the film? 


Q. 17.32 Which of the two f-numbers of Q. 17.31 would 


you select on a (i) very bright day and (ii) 
cloudy day? 


Q. 17.33 Which of two f-numbers of 
greater depth of field? 


О. 17.34 Can there be an optical instrument. with only 
one lens? 


Q. 17.35 What is meant by objective and eyepiece? 

Q. 17.36 What is the difference betw 
an objective lens? 

Q. 17.37 Name the lens system n 
Object in an Optical inst 

О. 17.38 What is a microsco; 
tion? 


image on 


Q. 17.31 will give 


een an eyepiece and 


ear the (i)eye and (ii) 
rument, 


Pe? What is its main func- 


Q. 17.39 Explain with the help of a diagram the working 
of a simple microscope, 
Q. 17.40 Can you construct 


a simple microscope from a 
concave lens? 
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Q. 17.41 
Q. 17.42 


Q. 17.43 


Q. 17.44 


Q. 17.45 


Q. 17.46 
Q. 17.47 


9. 17.48 


Q. 17.49 


Q. 17.50 


Q. 17.51 
Q. 17.52 
Q. 17.53 
Q. 17.54 
Q. 17.55 


Q. 17.56 


Q. 17.57 


Q. 17.58 


Q. 17.59 


What is the distance between image and eye in 
a simple microscope? 

Can the image in a simple microscope be 
Obtained on the screen? 

What is a compound microscope? Give two 
differences between a simple and a compound 
microscope. 

Describe with the help of a diagram, how you 
would set up two suitable lenses to forma 
compound: microscope. 

What is the position of object with respect to 
the objective in (i) microscope, and (ii) 
telescope? 

Which image, intermediate or final, is virtual 
in a (i) compound microscope (ii) telescope? 
With the help of a diagram explain the work- 
ing of a compound microscope. 

Which of the two lenses in a (i) compound 
microscope, (ii) telescope, has greater focal 
length? 

Name the optical instrument used to view (i) 
nearby objects, (ii) far away objects and (iii) 
far away objects with the image being reaiand 
upright. 

What is the main difference between (i) astro- 
nomical and terrestrial, (ii) Galilean and astro- 
nomical, and (iii) refracting and reflecting 
telescopes? 

Why does the objective of a telescope have a 
large diameter? 

Which has a larger diameter, the objective of 
the telescope or the microscope? 

Why is magnification defined differently in 
telescopes than in mirrors and lenses? 

Name two differences between a telescope and 
microscope? 

How would you distinguish between a micro- 
scope and telescope simply by looking at them? 
Where is the final image formed in (i) simple 
microscope, (ii) compound microscope, (iii) 
Galilean telescope, (iv) camera, and (v) eye? 
Suppose you have three converging lenses of 
focal length 1 т, 20 cm, and 0.5 cm. Which 
would you use as (a) the objective of a com- 
pound microscope, (b) eye piece of a compound 
microscope, and (c) the objective of a tele- 
Scope? : 
Name the type of lens used as (i) magnifier 
(ii)eye piece of a Galilean telescope, (ii) to 
correct myopia and presbiopia and (iv) in a 
camera. 

Which of the following form a real image: eye, 
camera, microscope, Galilean telescope, plane 
mirror, concave shaving mirror? 
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Q. 17.60 Draw a labelled diagram of a projector. 

Q. 17.61 Explain the function of the following parts in 
a projector: reflector, condenser, filter, slide 
frame, projecting lens. 

Q. 17.62 How is a sharp image projected on the screen 
by a projector? 

О. 17.63. What is the difference between а projector and 
a camera? 

О. 17.64 Why is the slide kept upside down in the slide 
frame of a projector? 

О. 17.65 Name the optical instrument which is opposite 
to the camera in action. 

О. 17.66 List the optical instruments which form (i) 
magnified and (ii) reduced image of an object. 


Chapter 18 ELECTROSTATICS, CURRENT 
AND POTENTIAL DIFFERENCE 


Q. 18.1 What do you understand by the terms electro- 
statics and electric charge? 
О. 18.2 What is the minimum possible magnitude of 


the electric charge? 

Give two methods to produce electric charges. 
How many kinds of electric charges exist in 
nature? 

A charged body is given to you. How will you 


Q. 18.5 
determine the sign of its charge? 

Q. 18.6 When two bodies attract or repel each other 
electrically, must both of them be charged? 

Q.18.7 When two bodies A and B are rubbed together, 
some electrons go from A to B. What will be 
the sign of the charge on body A? 

Q. 18.8 State the law which gives the magnitude of the 
force between two charged bodies. 

Q. 18.9 What is the direction of the force between two 
charged bodies? 

Q. 18.10 When is force between charges attractive and 
when is it repulsive? 

Q. 18.11 What is the SI unit of charge? How is it 
defined? 

Q. 18.12 Define the terms electric field and electric field 
strength. 

Q. 18.13 Can an electric field exist without an electric 
charge? 

Q. 18.14 Does the definition of electric field depend 
on the magnitude of charge or on its sign? 

Q. 18.15 Does electric field strength have a sign? 

Q. 18.16 On what factors does electric field strength 
depend? 

О. 18.17 What is meant by uniform electric field? Give 
one situation where it is produced? 

Q. 18.18 In what respect do potential and potential 


difference differ from each other? 
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Q. 18.19 When is the potential negative? When is it 
positive? P 

Q. 18.20 A positive charge moves from point 4 to 
point B. Which point is at a higher potential? 

Q. 18.21 In Q.18.20 ifthe charge is negative what will 
be your answer? 

Q.18.22 A positively charged plate is connected to 
ground. In which direction will the positive 
charge move? 

О. 18.23 Define the following terms: electric current, 
potential, potential difference, resistance, 
equivalent resistance, electric charge, electric 
field strength, electric field and resistivity. 

О. 18.24 Write the SI units of quantities given in 
Q.18.23. 

Q.18.25 Answer Q.18.22 if the plate is 
charged. 

Q. 18.26 Classify the quantities of Q.18.23 either as 
vector or scalar. 

О. 18.27 Do electrons flow from high to low potential 
or from low to high potential? 

Q.18.28 What is the direction of current inside a dry 
cell? 

Q.18.29 When a current flows inside a metallic wire, 
what is it that actually moves? 

Q. 18.30 In a conductor electrons are moving from end 
Ato end B. What is the direction of electric 
current? 

Q. 18.31 How is the conventional direction of current 
defined? 

О. 18.32 Which particle constitutes an electric current 
in a metallic conductor? 

Q. 18.33 Current is never used up in a resistor; the 
amount of current flowing out ofa resistor 
is the same as that flowing into it, Explain this 
statement? 

Q.18.34 What is meant by good conductor and bad 
conductor? Give at least one difference between 
them? 

О. 18.35 Name some good conductors and Ьай conduc- 
tors of electricity. 

Q. 18.36 Distinguish between resistance and resistivity 
of a wire. 

Q. 18.37 On what factors does the resistance of a wire 
depend? 

О. 18.38 State Ohm's law. How can it be used to define 
resistance? 

Q. 18.39 State the condition for which Ohm's law is 
not valid. 

Q. 18.40 Discuss briefly how you would verify Ohm's 
law in the laboratory? 

О. 18.41 Give one example of a current carrying device 
where Ohm's law is not valid. 

Q. 18.42 Fora device, the graph between current and 


negatively 


v 
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potential difference is not a straight line. Is 
Ohm's law valid for such a device? 

Q. 18.43 Show that the product VI has the dimensions 
of power. Show that Vm and NC-! have the 
same dimensions. 

Q. 18.44 What is the relation between Potential diffe- 
rence and electric field intensity? 

Q. 18.45 Name some sources of electric current, 

Q.18.46 Find the expression of equivalent resistance 
when three resistances are joined in parallel 
ог series. 

О. 18.47 When is a combination of resistances called a 
series combination, and when is it called a 
parallel combination? 

Q. 18.48 Give at least one important difference between 
parallel and series combination of resistances. 

Q.18.49 Two resistances are connected such that the 
total resistance is (i) more, (ii) less than the 
individual resistance. Are they connected in 
serics or parallel? 

О. 18.50 In which kind of combination of resistances 
does the same current Pass through all the 
resistances? In this combination which quantity 
varies from resistor to resistor? 

Q. 18.51 In which kind of combination of resistances 
does different current pass through different 
resistances? Which quantity is the same for 
all the resistances? 

О. 18.52 Name a part of an electrical circuit which is 
heated up when electrical 
through it. 

Q. 18.53 Why does a wire obstruct the flow of current? 

Q 18.54 What is EMF? How does it differ from 
potential difference between two terminals? 

Q. 18.55 When is the EMF equal to the potential 
difference? When are they different? 


Current passes 


Q. 18.56 An electron leaves the negative terminal of a 
cell and reaches the POsitive terminal 
passing through the circuit. 
does the electron at the negat 
from that at the positive term 


after 
In which respect 
ive terminal differ 
ninal? 


Chapter 19 MAGNETIC EFFECTS OF 


CURRENTS 
О. 19.1 What do you understand by the term mag- 
netism? 
Q. 19.2 How will you demonstrate that a given piece 
of material is a magnet? 
Q. 19.3 Can a stationar; 


e Y charge produce magnetic 
effect? 
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Q.19.4 Suppose we take a permanent magnet on 


Q 


Q. 


19.5 


19.6 


Q. 19.7 


ооооо о о о 


О оо о о 


. 19.8 


1/199 


19.10 


. 19.11 


19.12 


. 19.13 


19.14 


19.15 


19.16 


19.17 


19.18 


19.19 


19.20 


19.21 


19.22 


19.23 


Q. 19.24 


19.25 


moon. Will it retain its magnetism? 

Define the following terms: pole, magnetic 
field, neutral points and magnetic lines of 
force. 

State some properties of magnetic lines of 
force. 
Why cannot two magnetic lines of force cross 
each other? 

Sketch magnetic field around a bar magnet 
when (i) earth's magnetic field is present, 
(ii) it is absent. 

Suppose you are given a diagram with magne- 
tic lines of force drawn on it. Explain how you 
will find the direction of the magnetic force on 
a unit north pole placed at any point. 

Why should a magnetic field have at least. two 
neutral points? 

What is the reason of existence of neutral 
points in a single bar magnet? 

Suppose a magnetic needle is placed on a 
neutral point. In which direction will it point? 
Describe with the help of a diagram, how you 
will plot magnetic field of a bar magnet. 

What is the Oersted's experiment? What did it 
demonstrate? 

How will you demonstrate that a magnetic 
field is associated with an electric field? 

Sketch the magnetic field around a (i) long 
current carrying wire and (ii) circular coil. 
Name and state two rules which could be used 
to determine the direction of the magnetic 
lines of force associated with a straight current 
carrying wire. 

What isa solenoid? In which respect is it 
similar to a simple bar magnet? 

А solenoid is free to rotate in a horizontal 
plane. In which direction will its ends point? 
Givea method of determining the N and S 
poles of a solenoid. 

How can an electromagnet 
Name some applications of it. 
In a horse shoe electromagnet 
current in two arms is opposite to ca 1 
What will happen if the current in two arms 15 
in the same direction? 

Name the material which is normally used as 
the core in electromagnets. 

What should te the properties of the 
material in electromagnets? 
Describe with the help of a nea 
gram ihe construction and working of (i) elec- 
tric bell, (ii) microphone, (iii) earphone. 


be produced? 


the electric 
ch other. 


core 


t labelled dia- 


. 19.26 


Q. 19.27 


Q. 19.28 


Q. 


. 19.29 


19.30 


19.31 


19.32 


19.33 


19.34 


. 19.38 


. 19.39 


. 19.40 


Q. 19.41 
Q. 19.42 


. 19.43 
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Why can a permanent magnet not be. used in 
an electric bell? 

How is a variable current 
carbon microphone? 

Give the main difference between electric bell 
and microphone, electric bell and ear- 
phone. 

Two current carrying wires are placed close to 
each other, When will they attract each other? 
When will they repel each other? 

State and name the rule which gives the direc- 
tion of force acting upon a current carrying 
conductor placed in a magnetic field. 
Anelectron passing through an apparatus is 
undeflected. Does this imply that the appara- 
tus has no magnetic field? 

Describe how the force between two current 
carrying wires can be used to define unit of 
ampere? 

State the condition when the force on a 
current carrying wire placed in a magnetic field 
is zero? When is it maximum? 

On what factors does the strength of the force 
exerted by a magnetic field on a current 
carrying wire depend? 

What is the principle of a galvanometer? What 
does it measure? 

How many kinds of galvanometers do you 
know? Which one is more sensitive? 

Why should a voltmeter be connected in series 
and an ammeter in parallel? What will happen 
if it is done the other way round? 

Which of the following instruments has least 
resistance and which one maximum: galvano- 
meter, ammeter, voltmeter? 

What is an electric motor? What function does 
it perform? How does it work? Draw a neat 
labelled diagram of it. 

In the following instruments name the kind of 
energy before and after conversion: head- 
phone, electric motor, microphone. 

Drawa neat diagram of a microphone and 
explain its working. 

Describe an experiment to show that magne- 
tic field is associated with an electric current. 
Repulsion and not attraction is the sure test of 


magnetism. Justify the statement. 


produced in a 


Chapter 20 ELECTRON 


Q. 20.1 


Explain with the help of a neat diagram the 
various parts of a discharge tube. 
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Q.20.2 Why does no current pass through gases at 

i atmospherc pressure? 

Q.20.3 Approximately at what pressure are the follow- 
ing phenomena observed: positive column, 
negative glow, Faraday dark space, Crooke's 
dark space, anode glow? 

Q.20.4 On what factors does the colour of positive 
column depend? 

Q.20.5 What is the colour of positive column if the 
gas in the discharge tube is: air, helium, neon, 
hydrogen? 

Q.20.6 At what pressure does the brightly lit adver- 
tising sign boards operate? 

Q.20.7 Ina discharge tube why does the glass begin to 
glow at a pressure of around 0.01 mm Hg. 

Q.20.8 What are cathode rays? 

Q.20.9 Which electrode emits cathode rays? 

Q.20.10 How will you demonstrate that cathode rays 
(i) are negatively charged particles, (ii) carry 
energy, and (iii) travel in straight lines? 

О. 20.11 State the four important properties of cathode 
rays. 

Q.20.12 Does the nature of cathode rays depend on the 
gas used? 

Q.20.13 Explain the following terms: mobile electrons, 
work function, thermionic emission, vacuum 
tube, space charge, rectification, amplification, 

Q.20.14 Name the experiment which demonstrated that 
for cathode rays, the ratio e/m is constant and 
independent of the gas. 

О. 20.15 What are the main conclusions of the Thomson 
experiment? 

Q.20.16 How, in the Thomson experiment, is the spot 
returned to its original position? 

Q.20.17 In which type of cathode, directly heated or 
indirectly heated (i)the temperature is more, 
and (ii) the emission of electrons is more? 

Q. 20.18 On what factors does the emission of electrons 
from a metal depend? 

О. 20.19 Why is energy required to liberate an electron 
from a metal surface? 

Q.20.20 Namean apparatus which functions on the 
phenomenon of thermionic emission. 

Q. 20.21 What is a diode? 

О. 20.22 Why is a space charge formed in a diode? 

О. 20.23 1n which kind of valve, diode or triode, is the 
space charge more? 


Q.20.24 Should the cathode in diodes be positive or 
negative for cutting off the plate current? 


Q.20.25 Discuss the use of diode as a half wave 
rectifier. 


О. 20.26 What is the function of the grid in triodes? 
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Q.20.27 What is the difference between a diode and a 
triode? 

Q.20.28 Draw a circuit diagram to study the mutual 
characteristics of a triode valve. 

Q. 20.29 A signal is to be amplified. In which Section, 
grid, cathode or anode plate, should it te 
applied? 

О. 20.30 When a triode amplifes a signal the output 
signalenergy is more than the input signal 
energy. From where does this energy come? Is 
the law of conservation of energy violated? 

О 20.31 What is meant by saturation current in a 
valve? Why does the current not increase after 


this? 

Chapter 21 HOUSEHOLD ELECTRICITY 

Q.21.1 Define the terms watt, watt hour and kilowatt 
hour. 

Q.21.2 What does watt hour measure, power or 
energy? 


Q.21.3 What is the difference betwi 
kilowatt hour? 

Q.21.4 Name the unit of electricity consumption. 
Express this unit in SI unit of energy. 

О. 21.5 Мате the Property of a substance on which 

energy consumption depends, 

Q. 21.6 Explain the difference between live, neutral 
and earth wire. How will you recognise these 
in an electrical appliance? 

Q.21.7 Since most household appliances require the 
same voltage why do these appliances require 
different currents? 

Q. 21.8 What information is needed to calculate the 
electric power used by an appliance? 

Q. 21.9 Which wire is at higher potential 
neutral? 

Q. 21.10 What is a fuse? How doe: 
appliance from damage? 

Q. 21.11 Explain the meaning of fuse rating. 

Q. 21.12 When will a fuse blow, at a current greater 
than the fuse rating or less than it? 


How is the Operation of a fuse related to 
current? 


een kilowatt and 


‚ live or 


5 it protect a given 


Q. 21.13 


Q.21.14 Two fuse wires have different ratings. Both 


of them are of equal length. What is the diffe- 
rence between them? 


Q.21.15 Which of the following properties should a 
fuse wire possess: high resistance and high 
melting point; high resistance and low melting 
Point; low resistance and high melting point; 
low resistance and low melting point? 

Q. 21.16 Two fuse wires of rating 5A and 15A are given. 
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Q. 21.17 
Q. 21.18 


Q. 21.19 


Q. 21.20 


Q. 21.21 


Q. 21.22 
Q. 21.23 


Q. 21.24 
Q. 21.25 


Q. 21.26 


Q. 21.27 


H^w will you identify them simply by looking 
:hem? 
iat is the material normally used in fuse 
wire and in filaments of electrical appliances” 
Does a filament wire have a high or low 
resistance? 
Name electrical appliances which depend 
(i) on the heating effect of current, (ii) conver- 
sion of electrical energy to light energy. 
In which of the following electrical appliance 
is the temperature more: (i) electric heater and 
(ii) electric bulb? 
Why is the wire in an electric bulb very thin, 
while the wire in a heater is comparatively 
thicker? 
Why should the temperature in an electric bulb 
be high? 
What is the function of the inert.gas in an 
electrical bulb? 
Name one disadvantage of a vacuum bulb. 
What is the advantage of using coiled coil in 
bulbs? 
Draw a neat labelled diagram of the following 
electrical appliances: heater, electric kettle, 
electric iron, immersion heater and bulb. 
What are the main parts of an electrical appali- 
ance based on heating effect of current? 


Q. 21.28 


Q. 21.29 


Q. 21.30 
Q. 21.31 


Q. 21.32 


Q. 21.33 


Q. 21.34 


Q. 21.35 


Q. 21.36 


Q. 21.37 
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What is the shape of reflector in an electrical 
heater? 

Discussthe importance of earthing in an 
electrical appliance. How does it avoid fatal 
shocks? 

In a house will you prefer two wire wiring or 
three wire wiring? Explain. 

Give two reasons why electrical appliances 
should be connected in parallel? 

Why should the fuse and the switches be con- 
nected to the live wire and not to the neutral 
wire? 

Explain why the filament of a lamp becomes 
white hot although the connecting leads do 
not. 

What will happen if a fuse of higher rating 
than the desired one is used in the circuit? 

An appliance originally designed to operate 
with 7A current with fuse wire of rating 15A. 
is used ona pair of cables designed for 8A. 
What will happen if due to some fault it 
suddenly takes a current of 14A? 

Explain why in electrical bulbs high tempera- 
tures are desirable? 

How is the efficiency of an electrical bulb 
related to its working temperature? 


Answers to Problems 


CHAPTER 11 


(1) 2 mm (2) 0.05 (3) 62 cm (4)2 (5)980 N (6) 5x 10-5 m?, (7) 100 N (8) 93x19? Nm 
(9) 2x 10* N (10) 0.2 m? (11)Side 7 cm (12) 2.9 10* N (13) No (14)5.2 x 10? Nm7? (15)7,7x 10:2 
3 mm (16) 3.2 x 105 N (17)1.96 > 10-8 m? (18)11 x 1019? Nm-2 (19)1.5x 101? Nm? (20) 1.7 19-6 m. 


CHAPTER 12 

(1) 603 K, 1443 К, 626^F, 2138°F (2) —24.6°C, 160°C (3) 546 K, 409.5 K (4) 68°F, 104°F, 293 К. 
313 K (5) —459.4°Е (6) 7 cm (7) 20 cm, 0.2 cm, 9.8 cm (8) 50°С (9) 80°C (10) 30.01 ст. 30.016 
ст (11) 88.3°C (12) 1.009 cm (13) 40.11 cm (14) 692°C (15) 1.1 m (16) 5x 10-5 °C! (17) 6.25 x 
1076 *C-! (18) (48: C71, 38°С-!, 38°C", 72°C", 57°C-1, 37°C“) x1076 (19) 58823*C (20)1 0012 cm 
(21) 17x107* С-1, 34x 1075 °С-! (22)0.1856 m2 (23) 1.0043 m? (24) 16667°C (25) 5.004 lit 
5.135 lit, 0.131 lit (26)5.14 cm? (27)1165 kg m^, 0.515 lit (28)2.5x 10* Nm= (29) 4 (30) 10.8 cc 
(31) 1.18 lit (32) 4 105 Nm: (33) 16.5% : 


CHAPTER 13 


(1) 4600 C1, 17 640 J"C-1, 42000 J°C~ (2) 882 J kg“! *C-1 (3) 396 J D { 
(6) 40161 C (7) 347°C (8) 187 500 J, 187.57 kg“! *C^! (9) 43539: J (10) 2100 3 о 
(11) 700 W (12) 20°C (13) 22.5°С (14) 2.4 kg (15) 250 g (16) 3750 J kg! °C"! (17) 1 24x10 J 
(18) 1.05% 108 J (19) 10 h (20) 798 g (21) 7560 J (22) 3.39105] (23) 1.19 x 105 J (24) 342 x 101 
(1) 180 ана Оа ООВ 08) 10502 g °С (29) 6C GO) эз Уи J kg“! 
(31) 1880 T К-С"! (32) 926°C (33) 6.8 x 1057 kg-!, .1 x 105 J kg-! (34 à 

(35) 56.7°C. 8 (84) 336x105 J, 2265197 J 
CHAPTER 14 

(1) 10°, 40°, 0° (2) 10 cm in front (3) 4 cm 
(7) 4 ms (8) 4 ms"! (9) 20°. 

CHAPTER 15 

(1) 30 cm, 15 cm (2) 20 cm, 40 cm (3) 35 cm (4) Concave mirror of focal len 
(6) 20 cm (7) —30 cm, yes (8) 0.84 m in front of the mirror (9) 2, 
virtual (11) —2 (12) 80 cm in-front of mirror; 80 cm behind the 
mirror, 0.3 m behind the mirror (14) 4 cm high real, 4 cm high virtu. 
cave, 1.2 m in front of mirror (17) 2 m high, 50.5 m from the 


(4) 5 cm towards the mirror (5) 1.2 m (6)1 таз”! 


gth 50 cm (5) 20cm 
—2 (10) 0.25, —0.25; real, 
mirror (13) 1.2 m in front of 
al (15) 1 cm high (16) Con- 
mirror (18) 180 cm, —60 cm 
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(19) —200 cm, —50сш; — 1.2 m, 0.3 m (20) 1.2 m in front of mirror, 0.4 m in front of mirror 
(21) 15 em from candle, 11.25 cm (22) 60 cm in front of mirror, real 2 cm high, 2; 12 cm behind 
the mirror, virtual, 0.4 cm high, —0.4 (23) 75 cm in front of mirror, 5 cm high (24) 60 cm in 
front of mirror, 6 cm high, (25) 20 cm., real. 


CHAPTER 16 

(2) 50 cm (3) 5 D,2.5 D, —10 D, —2 D, — 1.3D (4) 30 cm, 2.5 cm, —0.5 (5) 1.2 m, real bigger in- 
verted, 15 cm (6) 108 cm same side as the object, virtual and erect, 24 cm (7) 5 D (8) 30 cm, virtual 
erect, 1 ст (9) 6.7 cm (10) 40 cm in front of lens (11) 30 cm (12) 30 cm (13) —0.6 m (14) 33 cm 
(15) 12 cm, virtual erect; 12 ст, real inverted (16) —5, 2 (17) 1/2 (18) — 1/3 or 1/3 (19) —1/3, 1/3 
(20) —4, 4 (21) —10 cm (22) —10 cm (23) 12cm, 20 cm left of lens (24) 20 cm (25) —2 m 
(26) 10 D (27) 70 cm left of lens. 


CHAPTER 17 


(1) 62.8 D, —0.068 (2) 3.3 cm (3) 20 D, 6.3 cm, 25 cm (4) 1.7 cm, 1.4 cm (5) 20 cm, 25 cm 

(6) 8 minutes (7) 20 

CHAPTER 18 

(1) —4x 10-9 N (2) —2.3x 107! N (3) 2.6 X 10!2 (4) 4500 N (5) 90 cm (6) 2х10-0 C (7) Gsh 
1.6 x 107 


ON, 1.8 105 N towards the positive charge (8) 6.25 x 10' (9) 108 C (10) 2.5x 105 N, 
N (11) Magnitude 24.3 x10" N (12) 1325 NC"! away from the nucleus, —2.1 x 10716 N towards 
the nucleus(13) — 1.6 x107! N (14) 91075 NC"! (15) 20 cm (16) 9x105 NC" towards the 
—3uC charge (17) 30 N due north, negative, positive (18) 900 J (19) 4x 107J(20) 7-2x10 J 
C 0J C7, 0 J C™ (21) 207,17 (22) -3x10* У, 5х 104 V, —6.3 x 10% V (23) —8.6 x 104! V, 
1.4 107! J (24)—20 V (25) 2 cm, —2.4 x 107 N (26) 8 х 105 ms"! (27) 45.5 V (28) 100 V (29) 0.54 A. 
(30) 0.02 A (31) 1 A (32) 10! (33) 1.6х 10-2 A (34) 3.6 С (35) 300 V (36) 36.7 2 (37) 0.38 A 
(38)3 2 (39) 0.25 2 (40) 7 Q, 6 2, 4 Q, 4.5 Q (41) 12 2, 0.125 A, 0.375 V across each resistor 
(42) 0.75 A (43) 0.1 A (44) Due south, due north, along positive x-axis (45) 9 2 when in series, 
1 Q when in parallel (46) 10 V, 50 V, 75 V to 150 V, 500 V, 1000 V to 3000 V, above 3000 у 
(47) 9.98 x 1010.2 (48) 10-' A, 6.25 x 106 (49) 9.6 х 107 J, 8.1 x 1075 J (50) 0.05 C (51) 2, 1/9, 2, 1/4 
(52) 2, 1/9, 4, 1/8 (53) Either both of them positive or negative, one of them positive other 
negative. 

CHAPTER 19 

(1) Due west (2) 2:«107? N perpendicular to the plane of paper and coming out of it, (3) Per- 
pendicular to the plane of paper ; going into it, coming out of it, coming out of it, going into 
it; towards left, towards right, downward, downward. (4) South will be attracted towards the 


wire (5) In the horizontal plane towards north (6) South, north. 


CHAPTER 21 
(1) 25 0 (2) 25 W (3) Rs 1.92 (4 
(8) 125 V (9) 242 W (10) Rs 183.33 


) 1.5 A, 146.7 Q (5) 121 Q, 625 2 (6) 4.5 A, 484 Q (7) 1100 W 
(11) 0.4, 4, 2 (12) 200 W (13) Rs 1.80 (14) 387 W, 1.76 A 
(15) 78 units (16) Rs 27.90 (17) 2.8% 105 J (18) 0.25 kWh, 1 kWh, 1.75 kWh (19) 1250 W, 312.5 W 
(20) 1 (21) 40 W, 80 W; 200 W; 30 min, 60 min, 150 min (22) 100 W (23) 16h (24) 40h 
(25) 0.025 kWh, 0.21 kWh, 0.3 kWh (26) 5 A, 10 A, 15 A (27) 250 W, 1000 W, 1250 W (28) 4 A, 


9.24 A (29) No, yes, no (30) No. 


о Optical centre — 
P Dioptric power S m Die 
Power 5 Js D.53, D.21.2 
Pressure S Pa рз, 1 Ex 
PD, V Potential difference S JC- D18.1 
q,Q Electric charge S Cc Pur 
Q Heat transferred S J D.13.6 
r Angle of reflection s тайап D.14.16 
R Radius of curvature S m D.15.10 
> Reaumer — = D.12.13 
5 care elt capacit р е оти 
х y Jg D.13.4 
Distance S m — 
DN Temperature S Kelvin D.12.3 
u Object distance S m D.15.15 
v Image distance E m D.15.16 
V Electric potential S yc D.18.12 
Volume S га? — 
V Volt Derived SI unit 3С" D.18.14 
Ww Water equivalent S kg D.13.14 
Work done S J D.5.1, D.18.10, 
D.21.1 
w Watt Derived SI unit ha D.5.4 
Whr Watt hour Derived SI unit of J D.21.3 
energy 
x Neutral point — — D.19.7 
1 Young's modulus S Nm-* D.11.32 
7 Atomic number 5 — D.11.6 
а Coefficient of linear 
expansion S °C or K~ D.12.18 
B Coefficient of super- 
ficial expansion S °C"! or K* D.12.20 
ы Coefficient of cubic 
expansion S °С-+ ог K~ D.12.22 
Ya Coefficient of apparent 
expansion S ir Kt D.12.24 
Yr Coefficient of real 
expansion S 9o or K> D.12.26 
ө Temperature S K D.12.3 
Gi Angle of incidence 5 гайіапѕ D.14.15 
Or Angle of reflection S radians D.14.16 
Angle of refraction S radians D.16.5 
[1 Relative refractive 
index = D.16.7 
$ Electrostatic potential 
energy 5 1 D.18.11 
Work function 5 1 D.20.7 
p Specific resistance 5 Q D.18.27 
Q Ohm Derived SI unit УА! D.18.25 


Revision in Physics is a two volume book written primarily for Class IX and X 
students offering the All India Secondary School Certificate and Delhi 
Secondary School Certificate physics paper. It is an excellent book for ICSE 
students also. It provides useful material for students appearing in the Junior 
Science Talent Examination. 


This book does not follow the conventional format of presentation. The 
concepts in each chapter are introduced through precise definitions 1 | 
supplemented by notes and diagrams. Each concept is usually divided into five 
parts; what the given quantity represents; nature of the quantity; how it is 
algebraically and graphically represented; its definition and the associated 
mathematical relationships. The other important points associated with the 
concepts are given separately under ‘Notes’. 


The theory and its applications are then develo 
numerical problems. Examples are drawn from 
sports, life sciences, etc. Attempt is made to draw as much d 


ped with the aid of solved 


At the end of the book are Provided theory questions, following the CBSE 
examination pattern. 
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